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Abstract 
 
This project presents an assessment of the energy demand management at the Gobabeb 
Research and Training Centre. The Centre operates the first solar-diesel hybrid energy system in 
Namibia and serves as a role model for the development of similar systems throughout the 
country. Our team developed a set of recommendations for the Centre to improve the system’s 
technical operation and capacity and establish an energy education program and cost recovery 
plan. 
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Executive Summary 
 
Electricity provides advantages and opportunities for people around the globe, but many 
people live without its benefits. Due to advances in off-grid infrastructure, more Namibians 
living in rural communities are gaining access to electricity. The Gobabeb Research and Training 
Centre (GRTC) is one of many facilities in Namibia that has gained access to electricity through 
an off-grid system. Energy use must be monitored and regulated because of the energy 
limitations of the GRTC’s current solar-diesel hybrid system. Decreasing energy consumption 
will reduce the need for diesel to run the generator, thus decreasing expensive fuel, transportation 
costs and harmful environmental effects, making the GRTC a more efficient and sustainable 
facility. 
The goal of this project was to recommend ways to assist the GRTC in improving their 
energy demand management. To meet this goal, we achieved the following objectives. First, we 
determined the technical operation and capacity of the system at the GRTC. To determine 
approaches and strategies to reduce energy use, we considered different incentives for the 
residents to conserve energy, including a cost recovery system. We also developed educational 
strategies and learning materials on how to reduce energy consumption for the different 
categories of Gobabeb residents. In addition, our team developed an improved data collection 
and analysis system to monitor energy usage at the Centre. 
These objectives were met through archival research, observations, interviews, and focus 
groups. Using these methods, we were able to gain an understanding of the electrical system and 
its components, determine the need for and best way to implement a cost recovery plan, and 
observe current energy awareness efforts. 
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There exists a lack of knowledge in regards to GRTC’s energy system’s infrastructure 
and capabilities.  The metering and data collections systems are not sufficient to monitor the 
energy consumption of the Centre and its residents.  In addition, the capacity of the system’s 
batteries is not large enough to support the excess solar energy generated by the system. 
The GRTC lacks a cost recovery system for the maintenance and operation of their 
energy system.  Neither short-term nor long-term guests are charged based on the amount of 
energy they consume, which does not provide incentives for energy conservation.  Also, outside 
research organizations using the Centre’s energy have not been paying for their consumption.  In 
addition, the Centre is not consistently or accurately paid for the services it provides to its 
occupants.  Ensuring that proper compensation is received from the Centre’s energy consumers 
is necessary to develop a sustainability fund for the maintenance and eventual repair and 
replacement of the energy system. 
There is a general lack of awareness about the energy system and the importance and 
methods necessary to limit energy consumption at Gobabeb.  The energy awareness visuals at 
the Centre are inconsistently placed, are not visually appealing, and often display inaccurate 
information.  In addition, both short and long-term visitors are not given accurate and valuable 
information about conserving energy upon arriving at the GRTC.  Long-term residents are also 
not given feedback on their energy consumption and are thus unaware of their energy use.  
From these results, we were able to make the following recommendations to the GRTC.  
These recommendations aim to improve the technical operation and capacity of the energy 
system, identify a cost recovery plan for the energy system, and increase the awareness of the 
importance of limiting energy consumption. 
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Based on our findings regarding the technical operation and capacity of the system, we 
recommend that the GRTC: 
1. Installs additional batteries to increase capacity and fully utilize the energy generation of 
the solar panels.  
2. Develops and publicizes electrical blueprints for the Centre’s buildings. 
3. Repairs currently broken meters and installs additional meters for each accommodation 
and experimental setup that does not currently have one. 
4. Implements a computerized energy data collection system. 
5. Ensures an employee with complete knowledge of the energy system is on-site at the 
GRTC.  
Our team developed the following set of recommendations for the Centre to achieve cost 
recovery for their energy system. We recommend that the GRTC: 
1. Creates a sustainability fund for the maintenance, eventual repair, and/or replacement of 
the energy system. 
2. Implements payment plans for long-term residents based on their energy consumption. 
3. Implements payment plans for short-term guests based on their energy consumption. 
4. Ensures that off-site research organizations are fully compensating the Centre for their 
energy consumption. 
5. Ensures that the staff and residents are consistently charged for the services provided by 
the Centre. 
6. Keeps accurate records of accommodation purchases and energy consumption of 
residents 
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In order to implement an energy awareness education plan, we recommend that the GRTC: 
1. Improves content and consistency of energy awareness visuals at the Centre. 
2. Ensures that staff and visitors are educated about the energy system upon their arrival.  
3. Provides feedback to residents on their own energy consumption to increase awareness. 
These recommendations will help improve the energy system’s technical operation and 
capacity and establish cost recovery and energy education plans for the Centre.  The 
implementation of these plans will assist the GRTC in becoming a more sustainable and 
financially stable research center, allowing the Centre to serve as a role model for solar-diesel 
hybrid energy systems throughout Namibia. 
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Chapter 1 : Introduction 
 
Over the past century, electricity has transformed the lives of individuals and nations. 
However, the benefits are not shared among all people. Many developing nations lack the 
finances, resources, and population to support the electrical infrastructure seen in places such as 
the United States and Europe. Africa is slowly achieving electrification but has the lowest 
electrification rate in the world, at only 41.8%, about half of the worldwide average (IEA, 2011). 
Africa is plagued with difficult terrain as well as many rural communities, making connections to 
the electrical grids difficult and too expensive for the majority of the population. However, with 
the proper infrastructure and management, electrification in communities can mean more 
effective healthcare, an increase in educational opportunities for children, access to information 
through technology, and increased commercial activity. 
In rural areas where grid access is not feasible, alternative ways of accessing electricity 
are required. Electricity availability is limited in off-grid locations, and power conservation is 
essential. The Gobabeb Research and Training Centre (GRTC), located in the Namib Desert, is 
far away from any electrical infrastructure. The Centre consists of a research complex and 
housing units for researchers, interns, staff and guests.  In order for the Centre to have electricity, 
it is powered by a solar-diesel hybrid system, the first of its kind to be installed in Namibia. In 
order for the energy system to be sustainable, the Centre needs to limit its energy use and 
develop a method of cost recovery to provide funding for proper maintenance and eventual 
replacement of the system.  
Beginning in 2002, many improvements were made to the energy infrastructure at the 
GRTC (2004a) as a part of the “Demonstration project at Gobabeb Renewable Energy and 
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Energy Efficiency” (DEGREEE), implemented by Danida, the Danish aid agency. By 2004, 
Gobabeb’s energy system had been completely transformed.  The Centre transitioned from a 
sixteen-hour per day diesel powered generator to the newly installed twenty-four hour solar-
diesel hybrid energy system. Along with the technical upgrades, the DEGREEE program 
installed meters for energy data collection, proposed a tariff structure, and created an energy 
awareness education program. The goal of these plans was to increase energy conservation 
efforts at the GRTC; however, not all of these plans were implemented. This program installed 
electrical meters, and to some extent, an energy education plan. However, the education plan was 
inadequate, and the proposed tariff structure was never implemented.  
  Currently, the GRTC has several problems that are creating inefficient energy usage, 
and it also lacks an energy cost recovery plan. Any guests at the Centre pay a flat rate for their 
stay at Gobabeb that does not relate to their energy consumption, and long-term residents do not 
know how much energy they are using because they are not given feedback on their personal 
energy consumption. Thus, many of the occupants at the Centre lack incentives to limit their 
energy consumption.  Despite charging guests for their accommodations, none of this money is 
specifically allocated to maintaining the electrical system.  Also, the metering system of the 
Centre has not been well-maintained and thus lacks the infrastructure necessary to monitor each 
resident’s energy consumption, making it difficult to charge occupants for personal energy use.  
More research needs to be done on how to raise awareness about the importance of conservation, 
so that Gobabeb can become a more energy efficient research center. Research is also needed on 
different types of incentive programs and cost recovery systems that can promote effective ways 
of reducing energy usage and increasing financial stability at the GRTC.   
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The goal of this project was to develop a series of recommendations that will promote the 
development of efficient energy practices and a method of cost recovery for the energy system at 
the GRTC. Our team collected and analyzed data on energy usage at Gobabeb using the meter 
system currently in place.  We then recommended incentives to encourage the residents to use 
energy efficiently.  To accomplish this, we produced educational strategies and materials on the 
importance of efficient energy use and energy payment plans for the different categories of 
residents at Gobabeb.  Our project’s recommendations will help Gobabeb demonstrate the 
successful use of an alternate energy system and serve as an example for other rural Namibian 
settlements on how to sustainably expand energy systems in off-grid locations.  
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Chapter 2 : Background 
 
This chapter provides an understanding of the importance and necessity of efficient 
energy use worldwide, in Namibia, and, in particular, at the Gobabeb Research and Training 
Centre (GRTC).  We have examined the current state of energy usage in the world and in Africa, 
methods of energy education and resource demand management.  In addition, we discuss the 
current state of energy use and infrastructure at the GRTC, including the recent work done by the 
DEGREEE program. 
2.1 Energy Usage Worldwide 
 
Energy usage worldwide is complex and intertwined with several social, economic, 
technological, and political issues. Many first world nations have been electrified for decades 
and rely on electricity for nearly all aspects of everyday life. In contrast, a study done by the 
United Nations Environment Program (UNEP) estimated that 1.7-2.0 billion people around the 
world have no access to grid-based electricity services, the majority of whom live in 
underdeveloped rural areas (Dekker, Nthontho, Chowdhury,  Chowdhury, 2012, p. 104). There is 
a large gap in access to energy, and many communities are not electrified due to geographical, 
social, and economic factors.  
 Recently, technologies using renewable energy sources have become much more popular. 
For example, wind farms are the fastest growing source of electric power in the United States 
and Europe (Masters, 2004, XVII). In addition, solar-powered photovoltaic (PV) systems have 
entered the marketplace. However, these technologies are not used nearly as often as those of the 
non-renewable sector. According to the International Energy Agency (IEA) (2012), in 2012 
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renewable
1
 energy accounted for 13.2% of the total primary energy supply of the world with the 
remaining coming from non-renewable
2
 sources (p. 6). These nonrenewable energy sources are 
useful for situations requiring large amounts of constant, reliable power, but there are only finite 
amounts of these energy sources available (Energy Information Administration [EIA], 2013, 
para. 1, 4 & 5). Renewable energy sources are different because they generate electricity directly 
from nature (e.g. the wind or sun), making them more viable options for rural communities 
located far away from electrical grids that use nonrenewable energy sources. As energy demand 
continues to grow, there will be an even greater struggle to supply every part of every nation 
with the energy resources it needs to thrive.  
2.1.1 Largest Energy Consumers 
 
Energy production is one of the most polluting and environmentally damaging industries 
(Masters, 2004, p. 107). There is currently a very large imbalance of energy and electrical 
infrastructure worldwide, with a small number of countries consuming the majority of the 
electricity. China, the United States, and the European Union use about 61% of the world’s 
electricity but only make up about 30% of the world’s population (Central Intelligence Agency, 
2013a). However, these nations have the economic resources to support this kind of usage.  
Environmentally conscious nations do exist, although they still use relatively large 
amounts of energy. For example, Sweden only receives 12.5% of its electricity from fossil fuels 
(CIA, 2013b). Switzerland, Finland and Germany are also environmentally conscious. Over the 
past five years, worldwide wind power capacity has had an average growth rate of over 25%, 
while solar PVs have averaged over 50% growth (IEA, 2013, para. 2 & 3). Countries are now 
                                                             
1 Renewable energy includes hydropower, biofuels/biomass, geothermal, solar, wind, and heat sources 
2 Nonrenewable energy includes coal, oil, natural gas, and nuclear. 
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choosing to move away from nonrenewable energy sources and aiming to increase their own 
energy security. Several renewable energy technologies do not consume fuel sources. They rely 
on the movement of wind or water, or the power of the sun to harness the energy that is then 
converted to electrical power. There are no harmful emissions or leftover waste products during 
their energy producing lifetimes. However, the most typical renewable energies are not perfect. 
Changing weather patterns make sun and wind unpredictable sources of energy. In addition, 
these types of renewable must be stored using batteries in order to be utilized throughout the day 
and night. For these reasons, people must become efficient in terms of their energy usage, as well 
as educated about the impacts their actions have on the planet. 
There is a limited amount of natural nonrenewable, energy resources available (e.g. oil, 
coal, natural gas, and uranium). Yet there are still countries like the United States that receive 
75.5% of its energy from fossil fuels (CIA, 2013c). When energy is produced from fossil fuels, a 
byproduct of these fuels is emissions that enter the environment and can cause harm to humans, 
animals, and the earth in general. This is true for coal, oil, natural gas, and nuclear
3
. The 
emissions from burning coal, oil and gas are believed to be some of the main contributors to 
climate change. Figure 2.1 shows sources of common emissions and describes their effects.  
 
                                                             
3 Although nuclear is not the same as fossil fuels, it still requires a finite fuel source, and creates emissions through 
radioactive waste, labeling it as nonrenewable 
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Figure 2.1: The relationship between emission, transmission, pollutant input and impact 
 
 
2.1.2 Lowest Energy Consumers 
On the other end of the spectrum, there are countries that are lacking the basic 
infrastructure and knowledge to fully realize the benefits of electrification. However, it will not 
be long before even more countries are competing for limited energy resources. Currently, the 
lowest energy users are concentrated in developing areas, including much of South America and 
Africa (CIA, 2013a). “The International Energy Agency (2002) predicts that developing 
countries will increase their share of global oil consumption from 20.5% in 1999 to 35.8% in 
2020” (as cited in De Vita, Endresen, & Hunt, 2005, p. 5), so resources must be conserved.  
Already countries such as India with a population of 1.2 billion or China with a 
population of 1.3 billion have joined in the struggle for energy resources (CIA, 2013a). These 
countries will begin to build the necessary infrastructure as they rise through the ranks to become 
developed nations. However, this will be difficult. Krothapalli and Greska (2010) found that 
“more than 60% of the developing world lives in rural areas, of which 67% lack any kind of 
 (Mollenhauer & Tschoke, 2010, Section 15.1) 
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electrical grid connection” (as cited in Bouzguenda, 2012, p. 95). Those occupying the rural 
regions of the world will have to find energy sources that do not require typical electrical grids. 
Of course, it would also be beneficial if these electrical systems did not add to the environmental 
concerns facing the planet. To achieve this objective, one must consider renewable energies, in 
particular, wind and PV solar panels for rural electricity generation (p. 97). 
The extension of electrical grid infrastructure to rural communities is often not 
economically practical. This is why only about 67% of the world’s rural communities lack 
electricity (IEA, 2011). Countries in Africa are slowly beginning to adopt renewable 
technologies. These countries include Zambia, Democratic Republic of Congo, and Ethiopia 
(CIA, 2013a). 
2.2 Energy usage in Africa 
Africa is a unique continent whose energy needs greatly differ from those of the United 
States and Europe. Africa is home to nine different deserts, as well as the world’s largest hot 
desert, and many more challenging geographical features. This means typical energy generation 
and distribution techniques are not always applicable. In many cases, African countries must rely 
on what is known as distributed generation instead of a centralized source.  Power needs must be 
met on-site because typical power plants are used only for more concentrated populations (Vita 
et al., 2005, pp. 4-5). These options are only beginning to be explored, as only about 41.8% of 
Africa’s population has electricity. In addition, in rural sub-Saharan Africa, where PVs and wind 
turbines have great potential, only 14.2% of people have electricity (IEA, 2011). 
2.2.1 Photovoltaic 
Throughout Africa, there are many examples of solar energy projects, which are typically 
accompanied by another energy source, such as a diesel generator. Because of the geographical 
9 | P a g e  
 
location and climate of sub-Saharan Africa, solar panels have great potential as a renewable 
energy source. “The annual twenty-four hour global solar radiation average is about 220 W/m2 
for South Africa, compared with about 150 W/m
2
 for parts of the USA, and about 100 W/m
2
 for 
Europe and the United Kingdom” (Department of Energy, South Africa, 2013a, para. 2 & 
3).Solar energy is also an environmentally friendly option. According to Dursun (2012), “solar 
power generation through PV arrays, is arguably the most ecofriendly, emission free and 
sustainable source of energy known to man” (as cited by Dekker et al., 2012, p. 104). Through 
solar energy use, Africa’s rural communities could sustain their electrical needs while being 
environmentally conscious. 
 2.2.2 Battery storage 
Sunlight is not constant, so solar panels require batteries to continuously provide energy 
(Masters, 2004, p. 550). With a grid-connected system, batteries are not needed because the 
energy generated by solar panels can always be sold back to the electrical grid. However, with 
stand-alone PV systems, energy storage is necessary. To be a viable option, PV systems need to 
be less expensive than connecting to a main electrical grid or installing independent diesel 
generators. 
2.2.3 Diesel generators  
Renewable energy systems are often paired with diesel generators, which operate 
regardless of the dramatic weather changes that would affect many renewable energy 
technologies. Generators provide uninterrupted supplies of electricity with an available fuel 
source and are thus often combined with renewable sources. However, it is often difficult and 
expensive to maintain a continuous supply of diesel fuel in Africa. Diesel generators alone are 
not recommended, according to Shaahid and Elhadidy (2008), Saheb-Koussa, Haddadi, and 
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Belhamel (2009), and Nfah, Ngundam, and Tchinda (2007). Park, Katagi, and Hashimoto (2001) 
advise that “continuous use of diesel generator is not envisaged as it is costly and noisy with 
harmful emissions” (as cited by Dekker et al., 2012, p. 106). Energy systems in Africa look to 
combine several energy sources to gain the benefits of each system. 
2.2.4 Combination of components 
The combination of a renewable energy source and a reliable generator helps minimize 
the disadvantages of each component. For example, a solar PV system and diesel generator can 
be combined to harness the clean solar power while compensating for the unpredictable 
fluctuation in sunlight and energy demand after sundown (Dekker et al., 2012, p. 106).  
 Shown below is a typical structure for a hybrid energy system. 
 
 
Figure 2.2: Example of hybrid power system layout 
 (Bouzguenda, 2012, p. 100) 
 
The batteries store the solar panel’s energy to be used throughout the day and night. 
When the battery can no longer power the system, or inclement weather occurs, the diesel 
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generator supplies the system for the time needed.  The solar panels make the system 
environmentally friendly because they lack harmful emissions (Dekker et al., 2012, p. 106). 
During their lifetime, solar panels do not have the negative environmental effects of diesel 
generators, however they can cause harm if not disposed of properly. 
In a number of locations in the world, there are examples of hybrid solar-diesel systems 
that power rural communities. As described by Dekker et al. (2012), Bouzguenda (2012), Ashton 
et al. (2012), and Rehman and Al-Hadhrami (2010), there have been successful systems in 
Oman, Saudi Arabia, South Africa, and Namibia. In Oman, these systems were described as 
“provid[ing] more consistent year-around renewable energy production and performance and 
reducing the need for back-up generation. In fact, the main advantage of a solar PV–wind–diesel 
hybrid system is that the sources complement each other and would thus improve the reliability 
of the power system”(Bouzguenda, 2012, p. 96). South Africa has also had similar successes. 
South Africans noted that these systems can provide a continuous power supply that is 
economically viable while using less fuel and requiring less maintenance than a diesel generator 
by itself (Dekker et al., 2012, p. 106).  
However, these systems are not without flaws. “It must also be realized that the increase 
in the IPPs (independent power providers) need to go hand-in-hand with more short-term energy 
consumption reducing initiatives such as demand side management, to ensure that the power 
produced is being utilized in the most efficient manner” (Dekker at al., 2012, p. 106). Efforts 
must be made through education and conservation if communities want to ensure that the 
continuous power supply remains. If short-term energy consumption increases as suggested, 
soon these new systems will no longer cover the entire community’s needs. 
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2.2.5 Tsumkwe Hybrid Solar-Diesel System 
One of the most recent and largest sites of a hybrid solar-diesel system in southern Africa 
is located in Namibia, roughly 700 kilometers away from the Gobabeb Research and Training 
Centre (GRTC). Tsumkwe is Namibia’s largest off-grid powered settlement, and is home to 
about 700 residents, a police station and a primary school. It also has offices, a small tourist 
lodge, a guest house and a community development center (von Oertzen, 2007, p. 68). Many of 
the residents are from the San ethnic groups and are very poor. Their homes in the un-electrified 
parts of the town are shacks made from sheets of metal.  
The Tsumkwe settlement used to use diesel powered generators, which were maintained 
by the Otjozondjupa Regional Council. They had a three phase, small, medium-voltage 11kV 
grid that connected Tsumkwe to the generating plant (von Oertzen, 2007, p. 68). The diesel 
generators were operated with two 150 kVA gensets from 8 am until 4 pm, and then by a 350 
kVA genset at night. There was also a backup 11 kVA diesel generator, but there was no battery 
storage, and breakdowns were frequent. Electricity was sold by pre-payment cards at a 
subsidized price of N$0.5208 per kWh, but it actually cost N$2.77 per kWh based on 
Windhoek’s depot price for diesel. “The energy demand is up to 1050 kWh per twenty-four 
hours, with an average capacity requirement of some 44 kW which fluctuates considerably” (p. 
72). The diesel generator system could not support the settlement efficiently. According to 
Detlof von Oertzen, “the predominant barrier to economic development was cited to be the lack 
of access to stable electricity” (p. 70). Businesses were not able to be successful, and there was 
limited cash flow throughout the settlement. 
In September of 2006, a hybrid energy system was proposed for Tsumkwe by the Desert 
Research Foundation of Namibia and the Off-grid Energisation Master Plan (OGEMP) (von 
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Oertzen, 2007, p. 75). The proposal resulted in the removal of electric water heaters and electric 
cooking systems and replacement with solar water heating and energy efficient appliances, 
reducing the electricity consumption from 1050 kWh/day to about 554 kWh/day. The plan also 
refurbished the existing diesel generators and connected them to a battery storage system with a 
capacity of 1800 kWh. Most importantly, 100 to 150 kWpeak solar energy generating capacity 
was installed to supplement electricity supply and minimize operating times for diesel generated 
energy. The OGEMP features included energy shops, which provide access to energy services 
ranging from cell phone charging to fuel purchase. The energy shops also sell energy baskets, 
which have a collection of energy solution appliances such as low power televisions (p. 77). This 
has provided the residents of Tsumkwe with access to energy efficient appliances and has given 
them the ability to get energy service in their homes. 
The example of Tsumkwe shows that a hybrid solar-diesel generation system can sustain 
a community in Namibia. The lessons learnt from Tsumkwe will benefit other communities in 
Namibia when developing off-grid energy systems. 
 
2.2.6 Other Options 
As described previously, there are many other sources that can be used for energy 
generation. However, many of these sources would not be practical in rural Africa. For example, 
coal, natural gas, oil, and nuclear would not make sense as fuel sources because they all require a 
constant supply (Ontario Power Generation, 2010, p. 3), which would be costly and difficult for 
communities without an electrical grid connection to obtain. Wood (biomass) and biofuel are 
potential alternatives, but they also require a constant fuel source to be transported to the site. 
Wind energy is also a potential alternative, and some wind farms do exist in sub-Saharan Africa 
(Department of Energy – South Africa, 2013b, para. 3 & 4). Unfortunately, the most promising 
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areas for wind energy exist along the coast, and in Namibia these areas often have low 
populations and thus low demand and a weak ability to pay.  Because of this, wind turbines are 
only found in small numbers in southern Africa.  
Undertaking large-scale energy installation projects often comes with significant 
financial obligations. Institutions must do many things prior to beginning projects to figure out 
whether or not the investment is worth it (Masters, 2004, p. 542). It is possible for organizations 
to receive outside funding or grants (as in the case of Tsumkwe). However, sometimes 
organizations are responsible for their own funding, requiring them to either pay upfront for the 
systems, or take out loans to fund the project. Loans add additional costs due to interest, and 
sometimes can make these installations difficult financially.  
2.2.7 Namibia 
Located in south-western Africa, Namibia faces the challenges of rural electrification. With 
an average population density of less than six people per square mile, rural electrification and 
distributed generation is one of the few options for Namibians (Whiting, 2008, p. 20). Thus, few 
people outside of the major cities are able to receive electricity from the national grid. 
Through sponsoring organizations such as the DRFN, research and time can be focused 
on solving some of the country’s most challenging energy problems. Another sponsor trying to 
do this work in Namibia is the Alliance for Rural Electrification (ARE) (2013a). “ARE provides 
efficient and renewable solutions for rural electrification in developing countries” (para. 1). 
Sponsors like these allow communities to have electricity and also engage in major social, 
economic and environmental change. This change becomes a foundation for development and 
progress by contributing to the alleviation of illiteracy, disease, hunger and thirst (ARE, 2013c).  
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2.3 Fiscal solutions to Resource Demand Management in Africa 
Resource demand management has long been a concern of developing countries in which 
resources such as energy and water are not as readily available as in other parts of the world. To 
overcome these challenges, countries or regions within them have often turned to economic 
solutions to help limit the consumption of resources (Gaunt, 2003; Heyns, 2005).   
The electrification of rural sections of southern Africa has long been researched, 
particularly in South Africa (Gaunt, 2003, p. 1).  In February 2002, the University of Cape Town 
issued a report that recommended the implementation of an electricity support tariff.  The aim 
was to make electricity readily available to poor South Africans by allowing a minimal amount 
of free electricity use in their households (p. 2).  They recommended a Basic Electricity Support 
Tariff (BEST) consisting of a two-block increasing energy tariff, in which the first block would 
provide free or cheap energy well below the normal cost of energy.  The study also determined 
basic needs could be met with 35 – 60 kWh of energy per month, and this should be provided at 
the reduced rate (p. 3). In addition, the study showed that the overall consumption from all 
households decreased under this system (p. 5).  
Fiscal solutions to resource demand management have also been put into place by 
Namibia to combat its most limited resource, water (Heyns, 2005, p. 89).  In urban environments 
with high water consumption, the recommendation was made to institute a block tariff system (p. 
103).  In this system, a low price for a determined minimum lifeline volume of water was 
established, and progressively increasing rates for increased water consumption were charged.  
The system was to be put in place with established communication with the government so that 
any increase or change in the tariff rates would be fair to the consumers (p. 104).  Fairness is 
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always an important consideration when implementing any tariff structure designed to limit 
consumption of a resource. 
2.4 Education on Efficient Energy Usage 
Education is one of the best ways to transform human behavior in the rational use of 
energy (Dias, Mattos & Balestieri, 2004, p.1339).  The need for educational programs addressing 
the sustainable use of energy has been a recognized need by many professionals beginning with 
the first oil crisis of 1973 (Dias et al., 2004, p. 1339; Kandpal & Garg, 1999, p. 71). When 
energy is in abundance and available at a low cost, extravagant use of energy is often seen 
(Kandpal, 1999, p. 71).  The result is a need to educate the public about the importance of 
efficient energy use.  This is an even greater necessity in developing countries that may not have 
the same resources available for energy consumption as fully industrialized nations (p. 73). 
Several different criteria and recommendations have been made for instituting an energy 
education program in developing countries (Kandpal, 1999, p. 74).   
1. It should include all energy resources while emphasizing those that are prominent locally. 
2. It should cover the aspects of resource assessment, technology, economics, sociocultural 
issues, and ecological and environmental impacts. 
3. Programs should be developed while considering different audiences. 
4. Programs should cater to local needs but should also be consistent with the national and 
international priorities and requirements. 
5. It should be flexible and dynamic and easily adapted and improved upon in the future. 
6. It should be provided in the local language for better chance of acceptance and 
effectiveness. Good quality learning materials should also be available in the local 
language. 
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7. It should strike a balance between theory and practical aspects and should involve all 
aspects of teaching/training including lectures, laboratories, demonstrations, hands-on 
skills training, design, manufacture, trouble-shooting. 
8. It should provide effective education within the constraints of time and fiscal resources. 
9. It should be linked with job requirements and responsibilities of the manpower required 
in the area of energy. 
10. It should be compatible with the global efforts in this direction and should allow effective 
and mutually beneficial interaction (pp. 74-75). 
In addition to the above suggestions, an energy education program should also have a 
cognitive component in which students understand underlying principles, a psychomotor 
component for carrying out skills, and should also utilize the building of relationships with 
others and attitude development (Kandpal, 1999, p. 76). 
When instituting an educational program, it is of vital importance to respect the social, 
cultural, and cognitive differences of the target population (p. 1344).  The teacher is responsible 
for presenting examples and concepts that are very close to the people’s reality, while aiming to 
create a change in values and therefore behavior.  
Using these educational strategies, Brazil launched the National Electricity Conservation 
Program (PROCEL) in 1985 (Dias et al., 2004, p. 1340).  The program developed educational 
textbooks geared for different sectors of society.  For the years of 1998 and 1999, Brazil 
developed a report to analyze the amount of energy saved by the program.  The report showed 
that the country saved 754.7 GWh/year during this cycle (p. 1341).  It also reported that 
education was the cheapest way to save energy, costing just $0.01 per kWh saved.  The impact of 
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this program shows the importance that education can play in the goal of reducing energy 
consumption.  
2.5 Gobabeb Research and Training Centre 
The GRTC (2005, p.2) is located in the middle of the Namib Desert of Namibia. It is 120 
kilometers away from the nearest town, Walvis Bay, and is about sixty kilometers from the 
Namibian coast. Research at the GRTC (2004a) is dedicated to “understanding the interactions 
between the environment and human activities and contributing to the sustainability of those 
interactions” (para. 1). The Centre focuses primarily on field research with basic equipment 
rather than state-of-the-art high power technologies (GRTC, 2009, p.5). The GRTC is home to 
about twenty residents, as well as visitors for conferences and workshops. The visitors include 
“researchers, environmentalists, film teams and training groups, including primary, secondary 
and university students, as well as interns involved in a variety of activities” (GRTC, 2013, para. 
1).  The Centre hosts about 1000 students and over 100 scientists each year (p. 2). The GRTC 
has twenty-two permanent buildings, including offices, a library, laboratories, kitchens, 
conference facilities and housing. All of these buildings are in the main compound with the 
exception of the Tsabibis, the maintenance staff living quarters. Figure 2.3 shows the location of 
Gobabeb within the Namib Desert, as well as its relation to other well known areas in Namibia. 
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Figure 2.3: Location of Gobabeb 
 
2.5.1 Climate 
 The climate around the GRTC has a large impact on daily life and feasibility of certain 
alternative energy systems. Due to the lack of water vapor in the desert air, the temperature from 
day to night varies considerably (Schulze, 1969, p. 1). In the Namib Desert, the temperature 
ranges from a maximum of 42.3°C to a minimum of 2.1°C. The relative humidity ranges from 
36% to 60% and rises above these averages sometimes during the early mornings of the summer 
months. 
(Henschel, Klintenberg, Roberts & Seely, 2007) 
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The wind patterns change through the year, coming from the northwest in the summer 
months and from the southeast during the winter (Lancaster, 1984, p. 10).  Dust and sandstorms 
are associated with the strong southwesterly sea-breeze and easterly berg winds (Schulze, 1969, 
p. 3). The storms are most prevalent in the winter months (May – October), but are seen year 
round.  The constant wind systems make wind turbines a possible energy source at the GRTC. 
Wind turbines are on the premises but are not connected to the energy system due to unresolved 
technical problems (Mary Seely, personal communication, January 31, 2013).  
Fog is perhaps the most distinctive characteristic of the climate of the Namib Desert 
(Schulze, 1969, p. 4). The fog is caused by the moist coastal air, and can be felt more than 100 
km inland. Fog occurs almost exclusively at night and clears at approximately 10 a.m., but 
sometimes the fog can linger for a longer period of time. The vegetation in the Namib Desert has 
adapted to uptake the moist fog air as a source of water (Lancaster, 1984, p. 9). The highest 
frequency of fog occurs in September and October, while May has the lowest frequency 
(Schulze, 1969, p. 4).  The vapor creates a shield from the sun’s rays, which may affect any solar 
panels that rely on these rays for energy. 
The Namib Desert receives about ten to eleven hours of day light each day (Schulze, 
1969, p. 3). In the chart below, most of the days in the Namib Desert experience 50%-100% of 
the possible amount of sunlight. The maximum amount of sunlight in the Namib Desert occurs 
from June to August, partly because fog is most prominent from December to February 
(Lancaster, 1984, p. 9). 
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Figure 2.4: Amount of sunlight in the Namib Desert 
(Schulze, 1969, p. 8) 
 Figure 2.4 depicts the large amounts of sunlight in the Namib Desert. With this large 
amount of solar capability, the GRTC, along with many other locations, have taken advantage of 
this energy source by installing solar panels. Solar energy is a reliable, renewable energy source 
for desert climates like that of the Namib Desert (Logan, 1960, p. 4).  
2.5.2 Accommodations 
The GRTC (2005, p. 8) has many of the same accommodations expected at any other 
research center. The GRTC has computers, laboratory equipment, twenty-four hour telephone, 
internet capability, and satellite television. GRTC has multiple full kitchens, which are equipped 
with refrigerators, freezers, and gas stoves. The GRTC does not use heating or cooling systems, 
which lowers their energy consumption drastically.  The Centre also has area lighting which 
utilizes energy saving florescent light bulbs. Lastly, the GRTC uses solar water heaters, which 
are free for the Centre to use and have a lifespan of fifteen years.  These energy efficient 
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measures help the system to operate at the lowest possible cost. A list of the cost effective 
improvements follows:  
Table 2.1: Energy efficient appliances and systems at GRTC with monthly costs 
(GRTC, 2005, p. 8) 
Inefficient Cost to Run 
Efficient 
Improvement 
Cost to Run Savings 
Incandescent 
Light Bulbs 
N$ 30 - N$ 60 
Fluorescent 
Light Bulbs 
N$ 8 - N$ 15 N$ 22 - N$ 45 
Door Freezer N$ 50 Chest Freezer N$ 20 N$ 30 
Electric Stove N$ 60 Gas Stove N$ 40 - N$ 50 N$ 10 - N$ 20 
Electric Geyser N$ 100 
Solar Water 
Heater 
N$ 0 N$ 100 
   
Total Savings N$ 162 - N$ 195 
  
The energy efficient systems have improved the efficiency of the GRTC, but still require 
a significant amount of energy to operate. The GRTC charges a flat rate to all tenants that does 
not depend on energy use to help cover the operating costs of the Centre (Mary Seely, personal 
communication, January 27, 2013). The efficiency of the user is very important in order to 
reduce costs. The GRTC displays a list of “wasteful energy habits” in their energy pamphlet 
(GRTC, 2005, p. 9), indicating that energy awareness is important to the GRTC. 
2.5.3 DEGREEE Project 
In 2004, The Demonstration Gobabeb of Renewable Energy and Energy Efficiency 
(DEGREEE) Project was implemented at the GRTC. This project was funded by the Danish 
government with the focus being improving the energy use at the GRTC (2004a). The main 
objective of the project was to “demonstrate energy technology, energy efficiency and energy 
management with the purpose of inspiring others to apply these” (para.1).  DEGREEE brought 
not only energy efficient technology to The GRTC, but also techniques of energy management, 
energy awareness and a revenue system. 
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Hybrid Energy System 
The DEGREEE Project allowed the GRTC to switch over from sixteen-hour (6:00 am to 
10:00 pm) diesel power generation to twenty-four hour power (GRTC, 2005, p. 2)consisting of a 
combination of solar and diesel energy. The hybrid system runs mostly through the production of 
solar energy from PV panels distributed throughout the Research Centre. All of the installed 
solar panels have a 26 kW peak capacity that is generated from mono-crystalline (8.5 kWp), 
Copper Idium Disellenide (7 kWp) and polycrystalline panels (10.5 kWp). The systems have a 
life expectancy of up to twenty-five years. The convenience is that there are no operational costs 
except maintenance of the panels and batteries. The other portion of the hybrid system at the 
GRTC is the diesel system. There are two 3-phase 50 kW diesel generators that are used for 
monthly battery recharge cycles and backup energy. A backup supply of energy is needed during 
prolonged overcast periods and times of high electricity demand (p. 5). The GRTC has sixty 
tubular deep cycle two volt batteries, which store the electrical energy from the solar panels and 
the diesel generators. The hybrid system generates standard 230VAC/400VAC power, and has 
the advantage of pooling its energy and making it available to all users (GRTC, 2004d, para. 7). 
The new energy system has been beneficial to the GRTC, but it was struck by lightning in 
January 2011. Since then, repairs have been made, but not all infrastructure is completely 
functional. 
The energy use at the GRTC has drastically changed over the years. Before 2000, the 
energy consumption was about 230 kWh per day (GRTC, 2009, p. 9). More recently, in 2008 
and 2009, the average daily consumption was 136 and 139 kWh. A breakdown of the sources of 
energy consumption for 2008 is shown in Figure 2.5. 
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Figure 2.5: Total Energy Consumption at GRTC in 2008 (GRTC, 2009, p. 10) 
The decrease in consumption shows the positive impact of the DEGREEE project, but the Centre 
continues to grow. The solar panels are not supplying sufficient energy to fully support the 
increased energy demand of the past ten years. In 2012, there was an extension to the solar-diesel 
hybrid system including additions of 22.5 kWp solar panels and replacement of broken batteries 
(Walter Holch, personal communication, May 1, 2013).  Currently, the total capacity of the solar 
panels is 48.5 kWp with 420 kWh of battery storage capacity. Also, in May 2013, funding from 
the Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) will provide an upgrade to 
the energy system, which will include an additional twelve batteries to create three battery banks 
with twenty-four 48 VDC standard cells each (Walter Holch, personal communication, March 
20, 2013). This will increase the total storage capabilities to over 500 kWh. In addition, the old 
30 kW converter will be replaced with twelve 5 kVA 230 VAC inverters in a 3 x 4 grid for a 
total of 48 kW. Together, these will significantly increase the hybrid system’s capabilities. 
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Data Collection System 
The DEGREEE project included the installation of meters for logging electricity 
consumption (GRTC, 2004c, para. 3). Each building on the property has meters measuring the 
use of electricity, gas, and water. The project states that the information is, “collected monthly 
and entered into a computer and analyzed for inconsistencies by the energy manager. Based on 
this the energy manager will suggest energy efficiency measures and awareness activities” (para. 
4). A part-time employee manages the system by manually recording the data onto paper. The 
data contains the consumption of electricity in kWh/day for each meter installed and each 
building as a whole. Mary Seely, an Associate of the DRFN, says that the data collection system 
was originally, “a computerized system, but this seems to have collapsed with the lightning strike 
and has not been revived” (personal communication, January 27, 2013). 
Energy Awareness Program 
According to the booklet, “The Gobabeb Experience”, there is no specific energy 
conservation education program at the GRTC, but rather reminders to the visitors to be energy 
conscious (GRTC, 2005, p. 8). The DEGREEE project states that each visitor is asked upon 
arrival to become an energy conscious consumer (GRTC, 2004b, para. 1). Some of these tips 
include not boiling more water than necessary, doing only full loads of laundry and turning off 
computers after the workday ends. The GRTC provides limited education programs for the staff 
and visitors.  The Centre conducts a station tour, which describes the energy system and energy 
conservation. Currently, short-term guests must pay eighty N$ to receive this tour. In addition, 
the Centre conducts primary and secondary school programs that briefly cover energy 
conservation with a solar cooking experiment (Noah Fribley, personal communication, March 
20, 2013),. Two children’s books are used that provide general information and tips on how to be 
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energy efficient as well as solar cooking instructions and recipes. The Centre also has energy 
awareness posters to keep energy efficiency on the visitors’ minds. Mary Seely (personal 
communication, January 31, 2013) claims that these flyers are still on display but are from the 
DEGREEE Program and are very outdated and ineffective. 
Revenue System 
An energy tariff is defined as a fee assigned for metered energy use that is put toward 
reinvesting in the system components. The DEGREEE program made suggestions for a tariff 
system that were never implemented (Mary Seely, personal communication, January 31, 2013). 
In this system, they planned to have separate tariffs for different user groups at the facility 
(GRTC, 2004e, para. 3). The calculation of tariffs was based on a long term balance of income 
and expenses, such as reinvestments in new batteries and solar panels.  There was a tariff of 
N$1.50 per kWh, for the Centre’s residents, visitors and researchers from SADC countries. The 
visitor tariff price was N$4.50 per kWh and was a higher tariff for visitors and researchers from 
other developed countries and private companies. The energy consumption is metered in two 
forms: personal and non-personal consumption. Personal consumption includes living expenses, 
and is metered per building and was to be paid by the people using the facility. Any energy used 
to run the GRTC such as running the offices, sewer pumps and the swimming pool, is considered 
to be non-personal consumption. Because the non-personal consumption is a part of the visitors’ 
work, it is paid at a fixed consumption per day and paid by Gobabeb Energy Services. The 
money generated from the tariff system was planned to be used to eventually replace solar panels 
and batteries when needed (GRTC 2009, p. 12). Table 2.2 below displays an example of a 
visitor’s tariff if he or she were staying for twelve days in a guest house (GRTC, 2004e, para. 6). 
This visitor is paying for 2.0 kWh per day for non-personal consumption. According to Mary 
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Seely (personal communication, January 31, 2013), these proposed tariffs were never 
implemented, but she believes a tariff system should be implemented so the occupants of the 
GRTC will be more efficient with their energy use. In addition, when no one is living at GRTC, 
the energy payments come directly out of the operating expenses of the Centre. 
 
 Table 2.2: Example Tariff for Visitor (GRTC, 2004e) 
 
Personal Electricity 
  
a Meter reading at departure kWh 3459 
b Meter reading at arrival kWh 3423 
c Personal consumption kWh 36 
d Tariff (visitor tariff) NAD/ kWh 4.5 
e Payment personal, c*d NAD 162 
    
 
Non-personal Electricity 
  
f Number of days days 12 
g 
Non-personal consumption per 
occupancy day 
kWh/day 2 
h Non-personal consumption, f*g kWh 24 
i Tariff (visitors tariff) NAD/ kWh 4.5 
j 
Payment non-personal 
consumption, h*i 
NAD 108 
    
 
Total payment NAD 270 
 
2.6 Summary 
There are few options for off-grid communities when it comes to electricity generation. 
However, the solar power available to sub-Saharan areas is permanent and reliable. Solar-diesel 
hybrid systems have allowed these populations to experience the benefits of electricity. It is 
important that all off-grid communities have the option to become electrified.  
Since solar energy is inconsistent and diesel fuel is expensive and harmful to the 
environment, strategies for energy conservation must be designed and carried out in order for 
any community to remain electrified. The residents are part of a very sensitive system that can be 
28 | P a g e  
 
faced with power shortages and failures if the electricity is not used responsibly. The GRTC 
needs a way to manage its current energy usage in an efficient manner that allows the Centre to 
remain sustainable and true to its mission.  
The GRTC has already undergone much change to become efficiently electrified, but 
more needs to be done. The process for collecting data at the Centre is very tedious as the 
electrical manager must collect all the meter readings manually. Another issue at the GRTC is 
that the tariff system developed by the DEGREEE program for energy usage was never put into 
place. This has allowed people to use energy irresponsibly with no direct consequences and 
creates financial instability for the Centre. Lastly, the fliers and pamphlets that promote energy 
efficient practices at the Centre are out dated and ineffective. To improve these shortcomings and 
assist the GRTC in becoming an energy efficient center, our team used the research methods 
described in Chapter 3. 
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Chapter 3 : Methodology 
 
         The goal of this project was to create a socio-economic assessment of energy demand 
management at the GRTC that would enhance the sustainability of the Centre’s energy system. 
To achieve this goal, we performed a situational analysis of the current energy demand 
management at the GRTC. The analysis formed the basis of our project objectives, which were: 
1. To determine the technical operation of the solar-diesel hybrid system at the GRTC, 
especially its capacity, functioning, and operating costs.  
2. To develop an appropriate cost recovery system for the different categories of energy 
consumers at the GRTC. 
3. To develop an energy awareness education plan for different categories of residents at the 
Centre. 
 
 
Figure 3.1: Project Objectives  
  
For each objective, we developed methods for collecting and analyzing data. The methods are 
explained in the subsequent sections. 
Assessment 
Plan 
Technical 
Operation and 
Capacity 
Cost Recovery 
System 
Energy 
Education 
Plan 
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3.1 Technical Capabilities 
 
We first determined the specifications of the solar-diesel hybrid system at the GRTC and 
its capabilities. We also identified the current methods of energy use data collection used at the 
Centre. An understanding of the technical aspects of the system allowed us to identify flaws in 
the metering system and make recommendations regarding how to better equip the Centre for 
cost recovery implementation. In addition, our knowledge of the system helped us create an 
education plan for residents of the Centre, which included feedback on their personal energy 
consumption. 
3.1.1 Guided Physical Inspection of Facilities 
 
After an orientation in Windhoek at DRFN’s headquarters, we traveled to the GRTC and 
went on a guided walk-through of the energy system with Josef Gariseb, the part-time energy 
manager and a full-time maintenance employee. We gained an understanding of the system’s 
components, including meter locations, kiosk connections and how the system operates as a 
whole.  During this inspection, we recorded building locations and locations of residents. We 
followed the electrical connections to the meters and noted the energy requirements of the 
electrical appliances connected to each circuit.  Our observations included unique aspects of the 
Centre, such as the trickle water filter, water pumps, and laboratory equipment of outside 
research organizations. With all of these details in mind, our group created a technical schematic 
of the entire electrical system at the Centre. For each building, we illustrated the layout as well as 
noted the appliances in each room. Also, knowing which consumers used the most power 
allowed us to identify where to focus our efforts in designing cost recovery and education plans. 
See Appendix B for direct observation guidelines. 
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3.1.2 Interviews with Management  
 
The direct observation and physical inspection of the facility was followed by several 
interviews with the management responsible for keeping the GRTC operating (see Appendix C 
for protocol). The first interviewee was Mary Seely, who was the former director of the DRFN 
and of the Desert Ecological Research Unit at GRTC. Mary Seely is an associate of the DRFN 
and has extensive knowledge of the Centre’s operations (DRFN, 2013e). She provided us with 
specific information regarding the history of the Centre. She also told us specifics about the 
previous tariff system and why it had never been introduced (see Appendix D for interview 
transcript).  We also interviewed Walter Holch, a technical associate of the GRTC, who has an 
extensive knowledge of the electrical system at the Centre. He provided us with information 
regarding the energy capabilities of the system.  We conducted another interview with Gillian 
Maggs-Kölling, the Executive Director of the GRTC.  She provided us with a clear 
understanding of the goals of the Centre and its energy system. We also spoke with the energy 
manager of the GRTC for a more detailed account of the day-to-day operations, including how 
frequently the diesel generator had been turned on in the last year. The interviews provided us 
with information about the types of data recorded by the Centre. We identified shortcomings in 
the data collection system that allowed us to make recommendations on how to improve 
collection and analysis of data.  Together, with the direct observations acquired through the 
physical inspection of the GRTC and the clarifications provided by the interviews, our group 
gained a much better understanding of the technical system at the GRTC. 
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3.2 Determining a Method of Cost Recovery 
 
This section describes how we determined the need for a cost recovery system for energy 
use at the GRTC. Using the following methods, we determined which form of a payment system 
would be the most successful and how best to implement the system. 
3.2.1 Interviews with the GRTC Staff and Residents 
 
Due to the small population of about twenty people at the time of our research, we 
interviewed all occupants of the Centre using the interview protocol in Appendix C. When 
interviewing, we were sure to be cognizant of the different cultures and backgrounds of the 
occupants at the GRTC.  We conducted group interviews for some of the interns depending on 
our sense of their comfort level. The interviews with heads of cleaning and maintenance staff 
from the Topnaar community were carried out as a much more informal discussion, with our 
interview protocol serving only as a guide.  These two members were the only Topnaar staff that 
were relatively well spoken in the English language. It was more difficult for our team to 
establish a rapport with the Topnaar staff due to the language barrier and cultural differences. 
Notes were not taken in the presence of the interviewees. Rather, we wrote them immediately 
after the interviews had been completed in order to prevent them from feeling uncomfortable 
speaking with us.  When interviewing the researchers and interns, notes were taken to ensure the 
accuracy of the interviews. Our interview protocol was followed more closely than when 
interviewing the Topnaar staff.  
  In our interviews, we first gained an understanding of whether different types of residents 
(short-term, long-term, researchers, visitors, etc.) used more energy than others. To do so, we 
asked what types of electrical appliances they used daily, how often they used them, and for what 
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purposes.  We identified which electrical devices are necessary for either the residents’ work or 
basic needs, and which are purely for non-essential use. We also collected opinions regarding the 
implementation of a possible cost recovery system at the GRTC.  If the interviewees had 
previous experience paying for electricity, we determined what types of payment systems they 
were comfortable with, as well as the typical rate they had been charged.  We asked if and how a 
potential cost recovery system could be an incentive for them to be more conservative in their 
energy use. A thorough interview process provided us with a comprehensive understanding of 
individuals’ current energy use habits, allowing us to create options for the Centre to choose 
which cost recovery system would be the most beneficial (see Appendix C for protocol). 
3.2.3 Analyzing Data Collection by Current Methods 
 
To obtain an overall idea of the state of the energy system at the GRTC, we obtained data 
on the generation and consumption at the Centre for both the workday as well as over a twenty-
four hour period. This allowed us to see how the consumption and generation varied throughout 
the day, as well as how the charge of the storage batteries changed over time. We also obtained 
data from the records at the GRTC indicating the amount of energy consumed each week for the 
past two years, as well as a list of the visitors from the past year. With this information, we were 
able to calculate the energy consumption of these visitors using Microsoft Excel. We analyzed 
the operating and maintenance costs for all components of the system, which were on file at the 
DRFN. We also assessed the cost recovery necessary for the GRTC to regain and maintain the 
budget allotted for current and sustained energy use.  We determined the current cost and amount 
of energy used as well as specific patterns in energy consumption among the different categories 
of residents at the Centre. We calculated the baseline or necessary energy requirements for each 
category of resident by analyzing data for the average consumption per resident based on their 
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accommodations. In analyzing the information, we looked for specific details including what 
time of day and season of the year energy consumption is highest, and if a specific category of 
people consumed more energy than others. We also determined if timing devices for appliances 
would increase energy efficiency of the system. We obtained these data from the archival records 
kept by the GRTC over the years. These details indicated if there was a specific category of 
people we should target or if a cost recovery system should be applied to all of the Centre’s 
residents. In addition, knowing the current cost and amount of energy use helped us to set goals 
for reducing energy consumption.  
3.3 Educational Strategies 
 
Another objective was to determine different methods of energy awareness education. To 
do so we investigated the Centre’s current efforts to educate its occupants about the solar-diesel 
hybrid system and the importance of energy conservation.  
3.3.1 Direct Observation of the GRTC Staff and Residents 
 
Through direct observation, we gathered information about the most common uses of 
energy at the Centre such as experimental, personal, food preparation, and others. The 
observations were completed by systematically visiting each building on the premises and 
recording our findings (see Appendix B for guidelines). We divided the main buildings where 
employees work among the four of us and visited each building four times per day during 
working hours for two days.  Each day, we changed the time at which we visited the buildings to 
obtain more representative data samples.  We made rounds at times when workers were using 
and not using their office spaces. During these rounds, we noted any inefficient energy practices, 
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such as lights and computer monitors being left on, as well as the time of day the practices 
occurred. 
To directly observe the residents in their living quarters, we used participatory 
observation. By playing volleyball and hiking with the interns, we were able to earn their trust 
and become a part of the GRTC community. By forming these bonds, the interns felt 
comfortable enough to invite us to the communal dining quarters known as Old House for 
dinner. While in Old House we were able to directly observe their personal energy use, and we 
noted their energy practices. Being invited to Old House gave us access to observe their use of 
various appliances such as televisions and computers that are used outside of the work area.  
 We were less intrusive in the residential facilities of the Topnaar staff in order to respect 
their culture and privacy.  From a distance, we recorded if their lights were left on during the 
night.  We made several brief visits to their residences and noted other energy use practices, such 
as computer, television, and stereo use.  However, these visits were not conducted on a set 
schedule. 
Through these observations, our team was able to determine how energy conscious the 
residents at the GRTC were, and how we could make them more aware of how they can conserve 
energy. 
3.3.1 Observation of Current Energy Awareness Efforts 
 
In order for us to understand how we could improve energy education at the GRTC, we 
determined what methods are currently used to make the researchers, faculty and residents more 
aware of how they can conserve energy. We inspected each building on site and noted the 
locations of any flyers, posters or other forms of visual aids, and their current condition. We also 
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retrieved energy education booklets used to teach primary and secondary school children and a 
script for the station tour given to short-term and long-term residents at the GRTC when they 
arrive. From these observations and materials, we determined the emphasis currently placed on 
energy awareness by the Centre. Knowledge of the state of the education plan was essential for 
improving the plan. We developed various visual aids and flyers to target the different residents 
at the Centre.  
3.3.2 Interviews with Staff and Researchers 
 
By interviewing the occupants of the GRTC we determined their knowledge of the 
energy system and awareness of energy conservation (see Appendix C for protocol). To ensure 
that we gained everyone’s input, we obtained a list of all the staff members and researchers at the 
Centre. We asked them a series of questions that addressed their awareness of energy usage, if 
they thought the current methods of education had been useful and how they thought the 
program could be improved. These interviews were conducted for various groups of occupants, 
which included staff, interns, researchers, and long-term guests. We created an energy education 
plans the residents to ensure that they would all be educated according to their energy usage 
habits. 
As explained above, we spoke to the Topnaar staff in a very informal manner.  Due to the 
language barrier, certain concepts were hard to convey to the Topnaar staff, so questions were 
kept more general.  We learned from them whether or not they were told to use energy efficiently 
after arriving at the Centre and how aware they were of the importance of conserving energy. 
 
 
37 | P a g e  
 
3.3.3 Focus Groups with Staff and Researchers 
 
Once we had interviewed the residents at the GRTC, we had a better understanding of 
their energy awareness, which we used to develop education plans and cost recovery methods. 
We conducted a focus group with the seven interns and researchers who were living at the Centre 
to obtain their opinions about our recommendations. We facilitated an open discussion among 
them regarding the multiple approaches for educating each type of resident, as well as several 
options for cost recovery systems. The residents compared and contrasted the different options. 
The goal of the focus groups was to give the interns and researchers the opportunity to openly 
discuss the pros and cons of current and future education and cost recovery plans. See Appendix 
E for focus group protocol. 
3.4. Summary 
 
Evaluating the socio-economic impacts of the energy cost recovery and education plan on 
the residents of the GRTC was a multidimensional process. This involved gaining an 
understanding of the technical aspects of the energy system and the data collection system that 
recorded consumption levels, analyzing current patterns of energy consumption and observing 
the current means of energy education. In the next chapter, we will present the results obtained 
from these methods. 
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Chapter 4 : Results and Analysis 
 
This chapter presents our findings from direct observation of the facilities and residents’ 
behavior, eighteen interviews with staff, and one focus group. The results are organized 
according to our three research objectives: to determine the technical operation and capacity of 
the energy system, to develop a cost recovery system, and to develop an energy awareness 
education plan. Our findings include energy consumption trends, current energy awareness 
efforts, and how energy consumption is financed at the Centre. 
4.1 Technical Operation and Capacity 
Finding: There is a lack of knowledge among staff about the Centre’s energy system. 
The Centre does not keep accurate records of the system as no electrical plans or 
blueprints exist (Walter Holch, personal communication, March 12, 2013). Without this type of 
information, performing electrical work or repairs is extremely difficult and potentially 
dangerous. In general, there is an understanding of the kiosk and meter connections by the 
people directly involved in the system’s maintenance, but no official documents or plans confirm 
what they believe to be true. 
The part-time energy manager monitors the electrical system weekly, but he does not 
otherwise work with the system. He works approximately four hours per week on the energy 
system and is the only person residing at the Centre who has any detailed knowledge of the 
solar-diesel hybrid system. Even so, this energy manager has only gained his knowledge of the 
system through working at the GRTC and lacks the skills to perform maintenance on the 
system’s infrastructure. In addition, he has only been working on the system since 2009. There is 
an associate of the GRTC who has an in-depth knowledge of the electrical system, but he rarely 
39 | P a g e  
 
visits the Centre.  Due to the lack of an electrical engineer on site, repairs to the system and 
proper yearly maintenance are not feasible until a technical expert is available to come on site. It 
is unclear whether or not the Centre pays for yearly maintenance. The only regular maintenance 
on the system completed by staff members is the washing of the solar panels every two weeks to 
remove any sand and debris. 
The energy system is providing electricity, but regular maintenance and repairs do not 
occur. As time passes, this increases the likelihood of the system’s failure. The part-time energy 
manager on site lacks the knowledge necessary to ensure the system’s sustainability.  
Finding: The water system accounts for a significant amount of the Centre’s energy 
consumption 
We found based on several of our workday and twenty-four hour energy readings that the 
trickle filter and borehole require noticeable amounts of electricity. These services are essential 
for the Centre and its’ residents so it is important they are kept operational. The trickle filter 
requires a twenty-four hour power supply and constantly consumes about 0.69 kW. Throughout 
the day, this ranges from 7.3% to 11.5% of the total consumption of the Centre. Through weekly 
data previously collected by the Centre, we found that the borehole requires an average of 2.2 
kWh per day. This is minimal compared to the entire Centre’s energy consumption. The borehole 
typically requires energy only when water needs to be pumped up to the water tower.  
Finding: Energy consumption remains relatively constant throughout the day and night 
We found that unlike typical energy trends, the Centre had relatively constant energy 
consumption throughout the day and night. There were not any large increases in usage, and at 
night, the electricity use did not increase significantly compared to the workday consumption. 
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According to meter readings the Staff Accommodations (Old House, Caravans, Luxury Hill) 
used the most electricity at night, but this was mostly due to the fact that MPI’s consumption is 
also included on this meter. Other than staff accommodations, the largest consumer at night was 
the Main Station. This could include lights being left on for safety, the cooling systems for the 
batteries and Internet servers, and essential services that cannot be turned off.  It is unclear 
whether or not this consumption can be lowered. The Services (Borehole Pump, Water 
Recycling Plant, Pool Area, and Kuiseb Campsite) used the second highest amount of energy, 
and nearly the same amounts throughout the day and night. However, the Trickle Filter (Water 
Recylcing Plant) is the only component that needs to be used twenty-four hours a day. Figure 4.1 
shows the twenty-four hour consumption of the entire center.  
 
Figure 4.1: Twenty-four hour consumption for selected days 
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Finding: The capacity of the batteries cannot fully store the energy collected by the solar 
panels. 
The battery bank consists of sixty Hoppecke batteries, which are each two volts. Together 
in series, these batteries create 120 VDC with a total storage capacity of 420 kWh. Throughout 
the day, there are monitors that show the instantaneous solar radiation at each of the solar panels 
depending on the time of day and intensity of the sun. Figure 4.2 shows the solar radiation at 
different times during the day over several days, which were recorded during our time at the 
GRTC. Table 4.1 includes the weather notes from the corresponding days of solar irradiance, 
including the morning fog behavior. 
 
Figure 4.2: Solar irradiance for selected days at the GRTC 
Note that the reading for 18 April 2013 is shifted over from the data from March due to 
daylight savings time. 
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Table 4.1: Weather notes for corresponding days of solar irradiance 
Date Weather Notes 
21.3.13 Fog until 10:00, little cloud cover afterwards 
25.3.13 Fog until 9:00, clear sunlight afterwards 
26.3.13 Extreme fog prior to 9:00, clear sunlight afterwards 
27.3.13 Extreme fog prior to 9:00, cleared up and partly cloudy at 9:30 
18.4.13 Clear sunlight all day, very windy 
 
We noted the solar irradiance for several days. The sun was most intense from 11:00 to 
15:00, which is when the batteries charged most quickly. This is when the most excess energy is 
generated and stored. However, the measureable solar radiation lasted from 8:00 until 19:00, 
resulting in eleven hours when the batteries could potentially be charged, as shown in Figure 4.3. 
 
 
Figure 4.3: Solar generation recorded during the work day and 24-hour readings 
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example of one of several daily consumption and generation readings recorded each hour.  We 
found that generation exceeded consumption from about 9:00 to 16:00.  
 
Figure 4.4: Twenty-four hour electricity consumption and generation 
 
Through communication with the part-time energy manager, we learned that the 
generator automatically turns on when the battery charge reaches 59.9%. This threshold was 
chosen in order to maximize the battery life. The generator will turn off once the batteries’ 
charge increases to 85%. At this point, the batteries will have enough energy stored to support 
the system. During the days we were at the Centre, the batteries where the energy was stored 
reached a minimum charge of 68%. 
Comparing Figure 4.2 with Figure 4.3, we found that there is additional solar irradiance 
that could be collected and stored by the batteries up until 19:00 during the late March to April 
period. This period of collection would be even longer during the summer months.  On four out 
of five days, the batteries reached full capacity by 15:00, meaning there were about four hours 
each day when the sun was providing solar energy that could not be stored and thus used. The 
state of battery charge over several days is shown in Figure 4.5 below. 
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Figure 4.5: State of battery charge over several days 
Therefore, the batteries did not have enough capacity to support the solar panels’ 
potential. Using this information, we compared the solar generation versus the Centre’s 
consumption needs during these four hours, as indicated by the shaded area in Figure 4.4. The 
figure is graphing instantaneous electrical power; so, to calculate the energy we must take the 
integral over the period of time. To find excess energy, we must then subtract the energy 
consumption by the Centre. The remaining area, shown in green, is the excess energy that could 
be stored by the batteries if the capacity was increased. We determined that there is an additional 
7.145 kWh of energy to be stored that is currently not collected. We expect this value would be 
even greater in the summer months.  
Without additional batteries, the diesel generator will continue being used. Since its 
installation in July 2012, the Magnaplus Synchronous AC generator has automatically started 
ninety-seven times for a total of 121 hours. On average, the Centre buys 2600 liters of diesel fuel 
every six months at N$ 11.31 per liter, resulting in an annual expense of N$ 58,812.  In addition, 
the generator is not operating efficiently.  We were informed that it is only generating at 50% of 
65%
70%
75%
80%
85%
90%
95%
100%
0:00 5:00 10:00 15:00 20:00 1:00 6:00
P
e
rc
e
n
ta
ge
 o
f 
Fu
ll 
C
h
ar
ge
 
Time 
State of Battery Charge 
21-Mar-13
25-Mar-13
26-Mar-13
27-Mar-13
18-Apr-13
45 | P a g e  
 
its rated power capacity due to the limited capability of the old 30 kW converter. The Centre has 
plans for the year 2013 to replace the converter with funding from GIZ. Based on all of the 
information that we collected, it is clear that the current battery capacity is inadequate and is 
limiting the potential of the solar panels, leading to increased diesel generator use and costs. 
 
Finding: The metering system is not sufficient for accurate energy data collection and 
analysis. 
On the technical walk through with the part-time energy manager, we gathered 
information regarding the energy data collection system, finding it is not always clear which 
meters correspond to which buildings and appliances. We learned that the meter readings are 
cumulative, indicating that if the meter reading does not increase while someone is using the 
accommodation, the meter is not working. We identified that twenty of the seventy-nine meters 
are not working, which are shown in Table 4.2. 
Table 4.2: Broken Meters 
Meter Connection Meter Number Phase 
Luxury Hill 1 DB-2 - 1 R 
Luxury Hill 2 DB-2 - 2 R 
Luxury Hill 3 DB-2 - 3 R 
Luxury Hill 4 DB-2 - 4 R 
Swimming Pool DB-4 R 
Villa 1 DB-9 R 
Bungalow 2 DB-12 R 
Tsabibis 1 DB-16 - 1 R 
Caravan 3 SDB 22.2 R 
Main Station Ground Cooling SDB R 
MS Generation Block DB B 
Computer Lab DB-26/G R,W,B 
Amabilis Hall DB - 20 W,B 
Amabilis 
DB - 20 R,W,B 
Hybrid Supply - RWB 
Sewage Treatment Plant SDB B 
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We also determined that for some living accommodations, there are multiple rooms on 
one meter, making it very difficult to determine the amount of energy used by individual 
consumers. The meters and the accommodations connected to them are shown in Table 4.3. 
Table 4.3: Meters connected to multiple accommodations 
Meter Name Building Connections 
Main Station (DB 1) 
Offices 1 - 26 
Research Labs 
Clay House 1 (DB 29) 
Clay House 5 
Clay House 6 
Clay House 7 
Clay House 8 
Clay House 2 (DB 31) 
Clay House 9 
Clay House 10 
Clay House 11 
Clay House 12 
Old House (DB 11) 
Old House Shared Kitchen 
Old House Shared Bathrooms 
Old House Room 1 
Old House Room 2 
Old House Room 3 
Caravan 4 (SDB 22.1) 
Caravan 4 
Caravan 5 
Caravan 6 
 
Both broken meters and meters connected to multiple accommodations result in 
inconsistent energy consumption data, which is detrimental to a proper cost recovery system. 
Residents cannot be charged for energy consumption if the meter readings are inaccurate. 
We researched multiple manufacturers that sold the Gewiss GW40009 IP55 meter, the 
model currently used by the GRTC. The company with the best pricing was City Electrical 
Factors (CEF), which is based in the United Kingdom. For the thirty-two meters to be replaced 
and installed, we received a quote of 1434 GBP with an additional 725 GBP for shipping. This 
converts to about N$30,000, which we included in our cost recovery plan. 
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As previously mentioned, the part-time energy manager is in charge of collecting all of 
the meter readings, which are recorded manually on paper and stored by the Centre. 
Unfortunately, the data are neither revisited nor analyzed. This method of data collection is not 
sufficient for the GRTC because it prevents proper management of the Centre’s energy demand. 
Another problem with the data collection is attributable to the energy manager being a part-time 
position.  When he is unavailable, the energy reading for that particular week is often not 
completed or carried out by another individual less knowledgeable about the metering system. 
The substitute often mixed up the meters by writing down a number that corresponded to a 
different meter or read the meter incorrectly, resulting in inaccurate recordings. Over the last 
three years, 9,266 total readings should have been recorded for all of the fifty-seven operational 
meters. As shown in Figure 4.6, we found that 19% of these readings were inaccurate, which 
included readings that were less than the previous week’s reading, or readings that were missing. 
 
Figure 4.6: Meter inaccuracies for operational meters 
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Together with the metering issues previously discussed in this section, these inaccurate 
readings lead to inconsistencies and gaps in the data.  Without accurate data, it becomes very 
difficult to identify patterns in the energy consumption for the different accommodations at the 
GRTC. 
4.2 Cost Recovery System 
Finding: The GRTC does not set-aside funding for the maintenance, repair, and eventual 
replacement of the energy system. 
The Centre receives income from accommodations, services, and donations, which is 
placed into one general account and used to pay all expenses.  From interviews with Mary Seely 
and Walter Holch, we learned that with the current financial model, there is no funding allocated 
to ensure the energy system receives the proper maintenance and necessary repairs.  If the system 
requires maintenance, the Centre withdraws money from the general account.  There is no 
emergency fund for unexpected large expenses, which puts the rest of the Centre’s energy 
operations in jeopardy. This was the issue in 2011 when the system was struck by lightning, and 
major repairs were unexpectedly needed. Since then the system was completely upgraded and 
repaired, and the Centre has not yet withdrawn money for maintenance of the system, although it 
has plans to arrange for maintenance in the upcoming year. To ensure the sustainability of the 
energy system, it is necessary that the GRTC reorganizes its finances so that it has income 
earmarked for the maintenance and repair of its solar-diesel hybrid energy system.  We 
determined that the Centre should raise about N$ 330,000 per year to ensure enough funding is 
available for the maintenance and eventual replacement of the energy system, including the 
Centre’s natural gas consumed through cooking (see Appendix F). Figure 4.7 shows how this 
total cost should be divided amongst the different components of the energy system. 
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Figure 4.7: Breakdown of the annual cost of the energy system at the GRTC 
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Mary Seely and Gillian Maggs-Kölling that the Centre has not received any such payments from 
MPI. This is an internal matter, and it is unclear when their payments will begin. Another off-site 
energy user, the University of Basel is constantly drawing about 40 W of power from the system. 
 $180,986  
 $69,574  
 $33,000  
 $16,513  
Cost of Energy System at GRTC 
Solar Energy System Diesel Generator Other Fees Gas
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Although this consumption is minimal compared to that of MPI, the University has plans to 
expand its laboratory and power requirements in July 2013. The new expected power 
consumption will be about 0.27 kW, or about 2,350 kWh per year.  The Centre has no plans to 
ensure they are compensated by the University. We identified a third off-site research 
organization present at the GRTC, the Karlsruhe Institute of Technology (KIT).  We determined 
that their experimental set up operates independently of the GRTC power system, meaning that it 
is not consuming the Centre’s energy as is the case with MPI and the University of Basel.  
Ensuring that the Centre is receiving payments from large outside energy consumers is an 
important component of any cost-recovery system the Centre implements. 
 
Finding: The residents of the GRTC are not consistently charged for the accommodations 
and services they receive from the Centre. 
Through our interviews with the long-term residents, we found that residents or their 
sponsoring organizations typically pay fees for their accommodations and services provided.  We 
also discovered that some of these residents have not been charged for their accommodations 
during the past three months. Short-term guests of the Centre pay a set fee for their room for 
each night of their stay.  The prices differ based on the type of accommodation and range from 
N$ 150.00 to N$ 2,400.00 per night.  In the last fiscal year (March 2012 – February 2013), the 
Centre received N$1,042,444.22 from accommodation charges. 
We also found that the Centre does not receive any money for the natural gas used for 
cooking, although they spend about N$ 16,823 on this service each year. Each accommodation 
typically uses one bottle per year, but the size of bottle in each accommodation varies. There are 
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three different sized bottles (9 kg, 19 kg and 48 kg), each varying in price. The annual cost for 
the natural gas used by each accommodation is shown below in Table 4.4 
Table 4.4: Gas costs at the GRTC 
Accommodation 
Bottles Used 
per Year 
Size of Gas 
Bottle (kg) 
Cost per year 
Old House 6 48 N$ 5,014 
Tsabibis 6 48 N$ 5,014 
Tea Room 4 9 N$ 643 
Villa 1 48 N$ 836 
Bungalow 1 48 N$ 836 
ClayHouse 
Kitchen 
1 48 N$ 836 
OTR 4 9 N$ 643 
Kuiseb 1 48 N$ 836 
Amabilis Hall 
1 9 N$ 161 
1 19 N$ 334 
2 48 N$ 1,671 
 
Total Cost For Gas N$ 16,823 
 
Figure 4.8 shows a graph of the amount of gas used per building during the year 2012. The 43% 
gas usage by maintenance staff seen in the chart can be attributed to the amount of people that 
live in the staff quarters. This amount of gas is used by all of the Topnaar staff, which can range 
between ten to twenty people at one time. We also found that the Centre only allows one free 
bottle of gas per accommodation per year and any excess gas must be paid for out-of-pocket. The 
staff may have directly paid so some of the gas used.  Similar to the maintenance staff, the 
relatively large amount of gas consumption by the interns is due to about ten to fifteen of them 
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using the same facility. In contrast to the maintenance and interns, the gas consumption in 
Amabilis Hall is attributed to one individual. The building is used by the caterer, indicating he 
consumes about 16% of the Centre’s total gas usage. He is not an employee of the Centre and 
operates independently. He receives payment directly from his clients, but he does not pay to use 
the Centre’s facilities 
 
Figure 4.8: Gas usage of GRTC for 2012 
The Centre also provides laundry services that have a set price per load, but there is no 
method to ensure the fee is collected. To charge for laundry, the Centre places a log book in the 
laundry room for the residents to sign. However, it was disclosed in an interview that some 
residents refrain from adding their names to the list to avoid the charge, resulting in residents not 
being consistently charged for laundry. 
Finding: The residents of the GRTC are not charged for their energy consumption. 
Residents pay a flat rate for their accommodation, which does not depend on their energy 
consumption or provide enough compensation for the Centre.  As a result, the GRTC does not 
dedicate funding to the maintenance and replacement of the energy system. The Centre’s 
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occupants are not given financial incentives to decrease their energy usage, which can result in 
the system having to support more energy usage than necessary.  We developed various tariff 
structures for both long and short-term residents based on the meter reading data from the years 
2009 through 2013 (See Appendix F) and input from the Centre’s administration. We then 
discussed these options with the interns at the Centre to receive their feedback. Based on this 
feedback and information provided to us by the Centre’s administration, we selected the most 
appropriate structures, which are presented in Chapter 5. All of the original options for these 
tariff structures along with the feedback we received are as follows. 
 
Long-term residents (administration, staff, interns, visitors for over one month): 
We determined that many of the long-term residents of the Centre do not pay for their 
accommodations directly.  More often than not, their accommodations are provided for them as a 
part of their contract to work with the Centre, or are paid for by a sponsoring organization.  
Because of this, our team determined that tariff structures for the long-term residents should 
focus on creating an incentive for the residents to conserve rather than on revenue collection for 
the Centre.  Therefore, each option developed for the long-term residents included a baseline 
amount of energy allowed for use without charge. 
 
Option 1: Each resident will be given a baseline amount of energy to use for free per week based 
on their residential building. 
A) Once they exceed the baseline amount, they will be charged a flat rate per kilowatt-hour 
of consumption. 
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The long-term residents agreed that the baseline would be a good way to create an 
incentive to conserve, but were hesitant about the amount of money they may have to pay 
if they were to exceed their allotted amount. 
B) Once they exceed the baseline amount, they will be charged a set penalty fee. 
The long-term residents once again agreed that the baseline would create an 
incentive for them to conserve energy. They also mentioned that once they exceeded the 
baseline amount there would no longer be an incentive for them to conserve energy since 
the fee was not dependent on the amount of kilowatt-hours by which they exceeded the 
baseline. 
Calculation of the baseline: 
Figure 4.9 shows an example of how the baseline was determined for two 
accommodation styles, the Caravans and Luxury Hill. These accommodations were 
included as a part of the same calculation because they have similar energy consuming 
appliances. The graph is a plot of the energy consumption of these residencies collected 
by the Centre for the past three years. Each point indicates a weekly reading from the 
four rooms listed.  These four rooms were the only Caravans and Luxury Hill rooms for 
which we were able to obtain accurate data. The baseline was calculated such that eighty 
percent of the points were below the line and twenty percent were above. Since we did 
not have an example tariff to base our calculations off of, we had to create an effective 
strategy to determine a baseline amount. The ratio of eighty-twenty was chosen so most 
of the long-term residents will not be affected by the cost associated with exceeding the 
baseline, while also creating a financial incentive them to conserve. 
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Figure 4.9: Long-term resident baseline for energy consumption 
The baseline for the Bungalows, Villas, and Tsabibis was calculated in a similar manner, 
seen in Appendix F, using the Bungalows 1, 2, and 4. These three rooms were the only ones for 
which we had accurate data.  However, the Bungalows, Tsabibis, and Villas all have similar 
appliances, justifying the use of this baseline for all three accommodation types. Table 4.5 
displays the baseline for each respective long-term accommodation. The Caravans and Luxury 
Hill have much smaller baseline values compared to the Bungalows, Villas and Tsabibis due to 
the kitchen appliances in the last three. The baseline for these accommodations accounts for the 
energy usage of the refrigerator and freezer, as well as other personal consumption. 
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Table 4.5: Baseline energy consumption values per week 
Accommodation 
Baseline Energy per      
Week per Person (kWh) 
Caravan 1.8 
Luxury Hill 1.8 
Old House 1.8 
Bungalow 14 
Villa 14 
Tsabibis 14 
 
In our calculations for the cost recovery, we considered the revenue generated from long-term 
residents of the Centre to be negligible. We also established a baseline for the communal kitchen 
area found in Old House, used by about ten to fifteen long-term residents.  We determined that 
baseline for the kitchen use through graphing the weekly consumption readings for all of Old 
House for the past three years, and establishing a baseline for which 80% of the points were 
above and 20% were below. This value was determined to be 66 kWh.  Because three residents 
live in Old House and their rooms are included on the same meter, we then subtracted the 
anticipated average consumption for the three individuals staying in Old House, which we 
determined to be 1.3 kWh from the same meter reading data found in Figure 4.9. This resulted in 
a baseline for Old House kitchen use of 56 kWh. 
  
Short Term: Guests staying at the Centre for less than one month 
Due to the lack of revenue coming from the long-term residents’ energy consumption, 
our team developed options for tariff plans for short-term guests with an emphasis on revenue 
generation for the Centre. 
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Option 1: Each visitor will have a flat rate added to their rent to cover a baseline amount of 
energy based on their residential building, if they do not exceed that amount of energy, they will 
be reimbursed for the amount that they did not use. 
Two of the seven focus group participants expressed their approval of this idea. They 
believed that people would appreciate receiving money for saving rather than being charged for 
consuming because it serves as a reward for the visitor rather than a punishment. Three of the 
participants did not like the idea of the Centre not taking advantage of the money they were 
receiving from the visitor. They believed that if the visitor did not mind fronting the original cost 
for their consumption, the Centre should try and retain the entirety of this amount of money. 
 
Option 2: Each visitor will pay based on their consumption at a set rate per kilowatt-hour of 
energy use. 
Four of the participants thought that this option would deter people from visiting the 
Centre because they would be guaranteed to pay additional fees. They also expressed concern 
that because the Centre does not accept credit cards, many visitors pay in cash, and they may not 
bring the necessary amount of money to pay for their excess energy use. 
Option 3: Each visitor will have a flat rate added to their rent to cover average energy usage 
based on their residential building. 
The long-term residents agreed that this type of system might deter visitors who have 
visited the Centre before from coming back to the Centre. This is because the visitor may be 
accustomed to paying the previous amount, and then be opposed to paying an additional fee. One 
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of the participants also mentioned that this type of system would not create an incentive for the 
visitors to conserve energy. This option, however, is this most viable while the metering system 
is still incomplete. 
Calculation of additional accommodation pricing: 
To determine the flat rate to be added to each accommodation for energy consumption, 
we took into account the current cost of each accommodation, shown in Figure 4.10. 
 
Figure 4.10: Current accommodation pricing at the GRTC 
We first determined the amount of revenue the Centre needs to generate from its short-
term guests and then increased each accommodation price proportionally based on their current 
pricing.  Table 4.6 below shows how the additional accommodation pricing was found and the 
expected revenue for the energy system. 
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Table 4.6: Additional accommodation pricing for revenue for energy system 
Accommodation 
Original 
Cost 
Percentage of 
Accommodation 
Pricing 
Additional 
Cost 
New Cost 
Bed Nights 
per Year 
Revenue For 
Energy System 
per Year 
Villa  N$ 2,400  64% N$ 250 N$ 2,650 500  N$ 135,000  
Bungalow  N$ 400  11% N$ 50 N$ 450 150  N$ 8,100  
Clay House  N$ 320  8% N$ 30 N$ 350 450 
 N$ 14,850  
OTR  N$ 400  11% N$ 50 N$ 450 120  N$ 6,480  
Kuiseb  N$ 230  6% N$ 20 N$ 250 1500  N$ 33,000  
      Total Cost Recovered   N$ 197,430  
 
Option 4: Each visitor will be given a baseline amount of energy to use per day based on their 
residential building. If their total energy usage exceeds the total amount of energy allocated, 
they will be charged based on their excess usage. 
A) They will be charged a rate per kilowatt-hour of excess energy use 
The participants believed that this method would be effective in creating revenue for the 
Centre, while also creating a financial incentive for the visitors to conserve energy. 
B) They will be charged through a block tariff for excess energy use. 
The participants believed that this method would also create revenue as well as incentive. 
They believed that a block tariff would generate the most revenue, which would be very 
beneficial for the Centre. The baseline amounts for this tariff structure were determined 
through similar methods as the long-term baseline, see Appendix F. For short-term 
residents, the line was placed such that 50% of the points were above the line, and 50% 
were below. These numbers were chosen to increase revenue generated. The baseline 
amounts for each building are listed below in Table 4.7. 
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Table 4.7: Baseline energy allotment for short-term guests 
Accommodation 
Baseline per 
Person (kWh) 
Fridge Usage per 
day (kWh) 
Villa 0.2 1.30 
Bungalow 0.1 1.30 
Clay House 0.1 1.30 
OTR 0.1 0.82 
Kuiseb ✗ ✗ 
 
The Kuiseb camp is not included in this tariff structure, due to the inability to 
individually meter guests at a camping site. Due to the inaccuracies in the data, as 
mentioned above, we are not able to accurately predict how much revenue will be 
generated from this system. The tariff shown in Table 4.8 below recovers 93% of the 
necessary cost by increasing the accommodation pricing. This was done to ensure cost 
recovery was met. 
Table 4.8: Baseline block tariff 93% cost recovery 
Accommodation 
Bed Night 
per Year 
Additional 
Cost for Gas 
Additional 
Accommodation 
Cost 
Expected 
Revenue per 
Year 
Villa 500 N$ 20             N$ 225          N$ 122,500 
Bungalow 150 N$ 4          N$ 45      N$ 7,350 
Clay House 450 N$ 3          N$ 27       N$ 13,500 
OTR 120 N$ 4          N$ 45     N$ 5,880 
Kuiseb 1500 N$ 2          N$ 20       N$ 33,000 
 
Total Expected Revenue for Energy System:   N$ 182,230 
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Lastly, in order to determine the cost of each block in the block tariff we analyzed the 
number of people who fell into each respective range for the Bungalows, since that data 
range has the fewest inaccuracies. We used this data to determine how expensive each 
block should be in order to ensure the other 7% of the costs to be recovered would in fact 
be recovered. Table 4.9 shows how these values were found. 
Table 4.9: Fee for each block in tariff 
Block Percentage Over Total Fee Total Revenue 
Over by .1-.4 39% N$ 20 N$ 2,956 
Over by .5-.8 19% N$ 30 N$ 2,111 
Over by .9-1.2 19% N$ 40 N$ 2,815 
Over by 1.3-1.6 13% N$ 50 N$ 2,463 
Over by 1.7-2.0 4% N$ 60 N$ 844 
Over by 2.1+ 7% N$ 70 N$ 1970 
 
Total Expected Revenue 
Total Revenue Needed 
N$ 13,159 
 
N$ 11,187 
 
We created the baseline such that 50% of the data points were above this value and 
expect a small change in energy consumption behavior due to the financial incentive of the tariff. 
Therefore, we estimated that 40% of people who visit the Centre will go over the allotted 
amount. Of this 40%, we determined the percentage of people from the Bungalows who fell into 
each respective block. We then adjusted the pricing for the rooms to ensure that the 7% of the 
total cost to be recovered was generated. 
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Finding: The current data collection methods cannot support the implementation of a tariff 
system based on individual energy consumption. 
As previously mentioned, the data from the meter readings is inconsistent and incomplete 
due to broken meters, meters being connected to multiple buildings, and inaccurate readings. The 
inconsistent data is not sufficient to support any tariff structure based on personal energy usage. 
The information is not digitized making the record keeping disorganized, and also limiting the 
Centre’s ability to develop dependable tariff structures. 
4.3 Energy Education Plan 
Finding: Residents and staff use few energy efficient practices. 
By directly observing the residents, we were able to learn about their behavior during the 
workday and in their living quarters. Minimal lighting was used during the workday, as natural 
light was sufficient. There were not many appliances for the residents to use that required a lot of 
energy. Although the occupants seemed to be energy conscious, we noted some areas for 
improvement. When the staff or researchers were out of their offices, they would leave on their 
computer monitors. There were twelve offices in the main building with computers, which we 
observed four times per day for a two-day period. During break times, there were seventeen 
instances when rooms were locked, so observations could not be made. Of the seventy-nine 
successful observations, a monitor or computer was left on when not in use 48.1% of the time. 
We also found that the reception desk computer was not used throughout the day because the 
room was not occupied. Of the eight times the room was checked throughout a two-day period, 
the computer was left on all eight times. During all eight observations, we found that the printing 
room had one printer and desktop computer left on, although we never observed any usage. 
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There was also a printer left on throughout the day in one office that was not consistently being 
used. A summary of our notes from these observations can be found in Appendix G. 
In the living quarters, we found that there were very few appliances, but some of these 
included high energy consuming items. For example, there is a toaster and a sandwich maker in 
the interns’ shared kitchen, neither of which is allowed at the GRTC. There is also a television 
that is usually on after the workday ends and often remains on until the interns go to bed, even 
when it is not being watched. After sunset, the residents tend to use their lighting when they are 
in their living quarters, which is expected behavior during the night. 
Although we were only able to observe the Topnaar staff quarters once, we saw that they 
have more high-energy consuming devices than the other residents. For example, in the flat that 
we visited, there were two stereo systems, two televisions, one full refrigerator and one chest 
freezer.  
Visitors are not provided with many appliances, so their appliance usage depends on what 
they bring to the GRTC. We did observe on two occasions that the short-term visitors left their 
bathroom light on for three hours after dark while they were away from their residences.   When 
designing and implementing an energy education plan for the Centre, it is important to address 
and work to improve inefficient energy habits such as this. 
Finding: Energy awareness posters are ineffective. 
After visiting every building at the Centre, we noticed that the content of the energy 
awareness posters is not concise. Although some posters have valuable information, the tips to 
conserve energy do not stand out.  Some posters contain too many words, which, according to 
one of the interns, can discourage visitors from reading them.  One of the interns stated that the 
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posters are ineffective for the long-term visitors and staff because they are not captivating. Many 
of the posters have white backgrounds and are plain, so they tend to go unnoticed. Figure 4.11 
shows a poster that is both not captivating and contains too many words.  Although the poster 
has tips to conserve energy, they are not easily identifiable apart from the rest of the poster. 
 
 
Figure 4.11: Ineffective energy poster 
A few of the posters also have inaccurate information on them. In the library, for 
instance, there is a poster that states that the visitors will be charged based on their energy 
consumption. While this was a part of the original plan for the DEGREEE project, it was never 
implemented by the Centre. The energy awareness posters do not have up-to-date content and are 
therefore misleading for the visitors. 
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The posters were also not consistently placed in each building. Of the seventeen buildings 
to which we were given access, ten of them did not contain any posters. The Villas, for example, 
did not have any posters, preventing guests staying in these accommodations from receiving the 
same educational reminders as some of the other residents. In addition, there were posters that 
were not placed strategically. Multiple posters were out of sight at the Centre. Figure 4.11 
displays a poster partly hidden behind the wardrobe in Clay House 8. 
 
Figure 4.11: Energy awareness poster behind wardrobe in Clay House 8 
Since the poster cannot be seen properly, the information is not easily communicated to 
the resident. In the main building, where residents spend the majority of their workdays, very 
few offices have reminders to their occupants to be energy efficient.  Of the twenty-six offices 
and rooms, eighteen of them did not have any posters. There are only reminders to turn off lights 
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in three locations.  There are also no reminders about the importance of turning off computers 
and monitors when not in use. 
Finding: The Centre does not provide the residents and visitors with consistent energy 
education. 
The Centre has a station tour for all visitors that includes a walk-through of the energy 
system. It is interactive and contains information about the technical aspects of the hybrid system 
and some information on how to actively conserve energy. However, some of the information in 
the tour is inaccurate. For example, it states that meter readings are taken to charge the visitors 
for their electricity usage, and it does not contain information on the most recent upgrades to the 
system. One of the interns informed our team that any short-term visitors who want to receive 
the station tour have to pay an additional fee, which discourages them from taking the tour. 
He/she also claimed that the Centre gives the tour to all long-term visitors. However, when we 
interviewed the eighteen long-term staff and researchers, we found that 60% of them had not 
received the station tour. The Centre is giving its residents incorrect information and also not 
consistently educating them about the system and how to conserve energy. 
We found that an intern thought that the GRTC did not actually pay directly for their 
energy usage. He/she assumed that there was an agreement with NamPower, the country’s utility 
provider, to cover all costs incurred by the GRTC for their energy generation. This absence of 
knowledge could lead to inefficient energy consumption. 
From our interviews with the interns, we also learned that they were not given an 
orientation upon their arrival at the Centre. Thus, unless they were given the station tour, they 
were not formally introduced to the Centre’s efforts to conserve energy. Three of the Namibian 
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interns said they had received a document prior to arriving stating which appliances not to bring, 
such as toasters and hairdryers. Many of the interns would have liked to have had an orientation 
and hope to see one for interns in the future. They thought it would be beneficial to have the 
energy system explained to them so they could be more aware of how they can sustainably 
interact with the system. 
Finding: The residents are not given feedback on their energy consumption. 
We found that the metering system is not used as an educational tool for the visitors at 
the Centre. We discovered that although the meter readings are taken, none of the residents is 
made aware of his/her energy consumption reading. Without the feedback on their energy usage, 
they cannot be conscious of how much energy they are using and therefore cannot adopt more 
energy efficient behavior. In our interviews, 83% (fifteen out of eighteen) participants said that 
they would like to receive feedback on their energy consumption so that they would be more 
aware of how much they were using. The same 83% said that it would be helpful to compare 
their readings to those of others in order to have a better understanding of their own energy 
consumption. During our focus group, the interns expressed to us that they feel it is important to 
keep these comparisons anonymous. 
4.4 Summary 
 
We made several findings regarding the technical operation and capacity of the GRTC’s 
energy system, as well as the financial and energy awareness practices of the Centre.  We used 
these findings to develop our recommendations for the GRTC, which we describe in Chapter 5. 
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Chapter 5 : Recommendations and Conclusions 
 
The Gobabeb Research and Training Centre (GRTC) operates on an off-grid solar-diesel 
hybrid energy system.  There are many improvements to be made in the technical operation and 
capacity of this system.  There is a lack of knowledge among Centre staff in regards to the 
system’s infrastructure and capabilities.  The metering and data collection systems are not 
sufficient to monitor the energy consumption of the Centre.  In addition, the battery capacity of 
the system is not large enough to store all of the potential solar energy. 
The GRTC lacks a cost recovery system for the maintenance and operation of their 
energy system.  Both short-term and long-term guests are not charged based on the amount of 
energy they consume, so they have financial incentive to conserve energy.  Outside research 
organizations using the Centre’s energy have not been paying for this consumption.  Also, the 
Centre is not consistently or accurately paid for the services that it provides to its residents.  
Ensuring that proper compensation is received from the Centre’s energy consumers is necessary 
to develop a sustainability fund for the maintenance and eventual repair and replacement of the 
energy system. 
There is a general lack of awareness among people using the Centre about the energy 
system, the importance of energy conservation and the methods that can be used to limit energy 
consumption.  The energy awareness visuals at the Centre are inconsistently placed, are not 
visually appealing, and often display inaccurate information.  Furthermore, both short and long-
term visitors are not given accurate and valuable information about conserving energy when 
arriving at the GRTC.  Long-term residents are also not given feedback on their energy 
consumption and are thus unaware of their energy use patterns. 
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5.1 Technical Operation and Capacity 
 
Recommendation 1: Identify ways to reduce energy consumption during evening hours. 
We determined that the energy consumption during evening hours does not decrease 
significantly from that of daytime hours. Due to the current metering system, it is difficult to 
determine specifically what is responsible for this.  We recommend that the Centre looks to 
energy consumers including the swimming pool pump, appliances in the Main Centre, and 
outdoor lighting to find possible causes of the relatively large evening energy 
consumption.  Reducing consumption during hours after dark will help the batteries to remain at 
a higher charge and help to prevent the diesel generator from being turned on. 
Recommendation 2: Install additional batteries to increase capacity and fully utilize the 
energy generated by the solar panels. 
There is an excess of energy generated each day that cannot be stored in the batteries due 
to their limited capacity.  Based on our calculations, installing additional batteries will increase 
the capacity of the system and will allow for all of the captured solar energy to be stored in the 
batteries. There will be even more excess energy to be stored during the summer months, due to 
increased solar radiation.  With the additional batteries, the system will have a greater amount of 
energy to use during hours when there is no solar radiation, decreasing the likelihood that the 
diesel generator needs to be switched on, which has occurred 97 times since July 2012.Installing 
additional batteries will not only save the Centre money, but also decrease the harmful 
environmental impacts caused by the diesel generator. Our recommendation validates the 
Centre’s upcoming plans to increase their battery storage capacity through GIZ in 2013. 
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Recommendation 3: Develop and publicize electrical blueprints for the Centre. 
From the technical expert and associate of the GRTC, Walter Holch, we learned that the 
Centre does not have an overall blueprint of its electrical system.  We recommend that the Centre 
adopts the electrical blueprints that our team has developed (see Appendix H).  These electrical 
blueprints show the facilities of the Centre and their meter and kiosk connections, which will 
give the energy manager a better understanding of the system with which he works.  In addition, 
if another employee of the Centre must complete the weekly energy readings, these blueprints 
will help him to record a complete set of readings.  It is important to note that there is incomplete 
data with the electrical map, so the Centre should continuously update the information, as it is 
uncovered. This information could be identified through a future research project using electrical 
testing or more advanced methods.  
Included as a part of these blueprints are the locations and power consumption of all 
appliances in each of the buildings of the Centre.. This information should be displayed with 
each blueprint in its corresponding building to ensure it is easily accessible to the residents and 
help them make informed decisions about how much power they are consuming when using 
different electrical appliances. 
Recommendation 4: Repair currently broken meters and install additional meters for each 
accommodation and experimental setup that do not currently have them. 
Repairing the broken meters will allow for accurate energy consumption readings to once 
again be possible at those electrical connections.  We also recommend that the Centre installs 
additional meters so that each separate living quarter is on its own meter, allowing the Centre to 
better monitor the energy consumption of each of its residents.  Additional meters should also be 
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added for experimental setups from outside research organizations that depend on the energy of 
the Centre.  Through our research, we found CEF offered the best quote for the Centre. We 
recommend the Centre consider using this company, but also complete further research to 
identify other potential options. Installing new meters will ensure that the GRTC can monitor 
how much energy these organizations are consuming and charge them accordingly.  Table 5.1 
provides a list of meters to be replaced and added. The phase column indicates which of three 
electrical connections - R, W, and/or B – need to be repaired for each individual meter.  
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Table 5.1: Meters to be replaced and added 
Meters to be Replaced Meters to be Added 
Meter Connection Meter Number Phase Meter Connection 
Luxury Hill 1 DB-2 - 1 R BSRN 
Luxury Hill 2 DB-2 - 2 R Clay House 5-12 
Luxury Hill 3 DB-2 - 3 R Clay House 1 Kitchen 
Luxury Hill 4 DB-2 - 4 R Clay House 2 Kitchen 
Swimming Pool DB-4 R Caravan 4-6 
Villa 1 DB-9 R Old House 1-3 
Bungalow 2 DB-12 R  
Tsabibis 1 DB-16 - 1 R  
Caravan 3 SDB 22.2 R  
Main Station Ground 
Cooling SDB R  
MS Generation Block DB B  
Computer Lab DB-26/G R,W,B  
Amabilis Hall DB - 20 W,B  
Amabilis  
Hybrid Supply - RWB DB - 20 R,W,B  
Sewage  
Treatment Plant SDB B  
 
Until these improvements are made, the GRTC will not have the infrastructure necessary 
to support the implementation of a tariff structure based on individual energy consumption. 
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Recommendation 5: Implement a computerized energy data storage system. 
The implementation of computerized data storage will allow for tracking and analysis of 
the energy consumption data that is currently only kept on paper.  Simply entering the recorded 
data into a Microsoft Excel spreadsheet will allow for better and more valuable monitoring of the 
Centre’s generation, consumption, and energy use by building. Our team developed a 
spreadsheet organized by building for the Centre. They can use this spreadsheet to identify 
trends, predict times of higher usage, and anticipate times of the year when the diesel generator is 
likely to be turned on.  
Recommendation 6: Ensure an employee with complete knowledge of the energy system is 
on-site at the GRTC 
We recommend that the Centre trains their part-time energy manager to fill this role.  He 
should gain the skills necessary to fully comprehend the connections of the system as well as to 
repair broken meters and perform the proper maintenance on the energy system. He, with the 
help of the rest of the Topnaar maintenance staff, would be jointly responsible for ensuring all 
energy readings are taken on time and accurately.   These readings should be taken at the 
beginning and end of each stay for short-term guests so they can accurately be charged for their 
consumption. Using the part-time energy manager and the maintenance staff in this manner will 
increase the importance of their role at the Centre. 
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5.2 Cost Recovery System 
 
Recommendation 1: Create a sustainability fund for the eventual repair and/or 
replacement of the energy system. 
The GRTC does not set aside any funding for the maintenance and repair of their energy 
system, as any income it receives goes into a general account.  To ensure proper funding is 
dedicated to the energy system, we recommend that the Centre creates a sustainability fund 
specific for the maintenance, repair, and replacement of the system.  We determined that the 
Centre should raise about N$330,000 per year to ensure that enough funding is available to 
replace the system at the end of its lifetime (See Appendix F).  To raise this amount of money, 
the Centre should look primarily to three sources: short-term guests, long-term residents, and off-
site research organizations.  The specifics of the payment plans for each of these users are 
discussed in the following sections. More details of the basis behind the calculations can be 
found in Appendix F. 
Recommendation 2: Ensure that off-site research organizations are compensating the 
Centre for their energy consumption. 
Through our observations of the Centre, we determined that there are several off-site 
research organizations with laboratory set-ups at the GRTC.  As a portion of the cost recovery 
system, we recommend that the Centre ensures that the contract with MPI is followed and also 
forms similar agreements with the other off-site research organizations. The Centre is providing 
an important service to these organizations and should be compensated properly.  This will 
increase the funding dedicated to the maintenance and repair of their energy system. If the GRTC 
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were to collect payments from MPI alone, they would collect a total of about N$ 137,000, 
leaving only an additional N$193,000 to collect per year for the sustainability fund. 
Recommendation 3: Implement payment plans for long-term guests based on their energy 
consumption at the Centre. 
Through interviewing the administration and interns of the Centre, we learned that none 
of the long-term guests pay directly for their energy use.  To provide compensation for the 
Centre and an incentive for these residents to conserve energy, we recommend that the GRTC 
implement the following tariff structure. For more details refer to Appendix F.  
Based on their accommodation, each resident will be given a baseline amount of energy 
to use weekly that is included in the price of their stay.  If their use surpasses this amount, the 
residents will be charged a set rate of N$22.95 per kilowatt-hour for the additional energy they 
use. Table 4.5 includes the baseline amounts for each accommodation. Based on the outcomes of 
this tariff, the Centre can raise or lower the baseline amount to suit their needs. 
Recommendation 4: Implement payment plans for short-term guests based on their energy 
consumption at the Centre. 
From the feedback we received in the focus groups, we found that the following two-
phase tariff structure should be utilized at the Centre. Within this tariff structure is the cost of the 
gas usage per building per year. We recommend adding this cost to the electricity cost for 
simplicity. The first phase was created because of the inability of the current metering system to 
support a tariff structure based on personal energy consumption. 
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Phase 1: Each visitor will have a flat rate added to their rent to cover their energy usage based 
on their residential building. 
This will result in an increased accommodation pricing with the additional cost being set 
aside for the Centre’s sustainability fund for the energy system. This option is feasible while the 
infrastructure of the metering system is not yet changed. We recommend this option as an initial 
tariff structure until the Centre has updated the metering system. The increased prices for each 
accommodation are shown in Table 5.2. 
Table 5.2: Increased accommodation pricing for short-term guests 
Accommodation Additional Cost 
Additional Cost 
For Gas 
Bed night per 
Year 
Revenue per 
Year 
Villa N$ 250               N$ 20.00 500  N$ 135,000  
Bungalow N$ 50 N$ 4.00 150  N$ 8,100  
Clay House N$ 30 N$ 3.00 450  N$ 14,850  
OTR N$ 50 N$ 4.00 120  N$ 6,480  
Kuiseb N$ 20 N$ 2.00 1500  N$ 33,000  
  Total Expected Revenue for Energy System:  N$ 197,430  
 
Once the metering system infrastructure is updated and there are meters for each separate 
accommodation, we recommend that the Centre implement Phase 2. 
Phase 2: Each visitor will be given a baseline amount of energy to use per day based on their 
residential building. 
The cost of this baseline will be added to the initial cost of the accommodation. For more 
details on tariff calculations, refer to Appendix F. This option will make the baseline fee hidden, 
eliminating potential initial drawbacks of an energy tariff. If the visitor’s total energy usage 
exceeds the total amount of energy allocated, they will be charged using a block tariff based on 
their excess usage. This option can only be feasible once the Centre has added meters to each 
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residential building and repaired the broken meters. Table 5.3 shows the increased 
accommodation pricing per building and the expected revenue. 
Table 5.3: Increased accommodation pricing for block tariff system 
Accommodation 
Bed 
Night 
per Year 
Additional 
Cost for 
Gas 
Additional 
Accommodation 
Cost 
Baseline 
per Person 
(kWh) 
Fridge 
Usage per 
day (kWh) 
Expected 
Revenue per 
Year 
Villa 500 N$ 20.00 N$ 225 0.2 1.30 N$ 122,500 
Bungalow 150 N$ 4.00   N$ 45 0.1 1.30 N$ 7,350 
Clay House 450 N$ 3.00   N$ 27 0.1 1.30 N$ 13,500 
OTR 120 N$ 4.00   N$ 45 0.1 0.82 N$ 5,880 
Kuiseb 1500 N$ 2.00   N$ 20 ✗ ✗ N$ 33,000 
 
  
Total Expected Revenue for Energy System: N$ 182,230 
 
Figure 5.1 shows the block tariff if the resident should exceed the allotted baseline energy 
amount. Each bar corresponds to a set fee to be paid by the resident based on how much he or 
she exceeded the baseline amount for energy consumption. 
Figure 5.1: Block tariffs for short-term guests 
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Recommendation 5: Ensure that the staff and residents are consistently charged for the 
services provided by the Centre. 
The Centre provides several services to their guests for which they are not properly 
compensated.  We recommend that the Centre develops an improved system to ensure that its 
residents are paying to use the washing machine.  An option would be to lock the laundry room 
door, and require a fee for the resident to acquire the key to do their laundry, ensuring that the 
GRTC is being reimbursed for the electricity used by the laundry machine. 
We also recommend that the Centre charges its guests for the natural gas used to cook. 
Charging for the gas consumption of both the caterer and others will add funding to the 
sustainability fund for the GRTC. Each year is not identical when it comes to gas usage. 
Therefore, we recommend the Centre keeps more detailed records of gas usage and purchases. 
Short-term visitors should not be charged a gas fee; however, the Centre should increase 
accommodation prices to account for natural gas usage. Long-term residents should be charged 
yearly to account for all gas usage and charges incurred by the Centre. 
Recommendation 6: Keep accurate records of accommodation purchases and energy 
consumption of residents. 
To monitor the energy consumption and subsequent payments of its guests, we 
recommend the Centre keeps detailed and accurate records of the number of guests, 
accommodations used, and corresponding energy consumption.  An example of the information 
to be recorded can be found in Appendix I. Keeping these records will allow the Centre to 
monitor the consumption during each guests’ stay, making it possible for the GRTC to adjust the 
baseline amounts on their tariff system if deemed necessary. We recommend that the part-time 
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energy manager, Josef Gariseb, is placed in charge of ensuring accurate meter readings are taken 
at the beginning and end of each guest’s stay.  Josef should also train other members of the 
maintenance staff to take readings properly in his absence.  The Centre’s financial officer should 
be placed in charge of ensuring the guests are charged the proper amount at their time of 
checkout based on the readings completed by the staff. 
5.3 Energy Education 
Recommendation 1: Improve content and consistency of energy awareness visuals at the 
Centre. 
We recommend that the GRTC displays new posters to raise the level of energy 
awareness of its occupants.  Included in these posters should be reminders for energy users to 
turn off their lights when not in use, turn off their computer monitors whenever possible, unplug 
unused electronics, and close refrigerators tightly.  Examples of posters to be used at the Centre 
can be found in Appendix J.  These posters should be placed consistently in all guest 
accommodations as well as in the offices and laboratories. 
Recommendation 2: Ensure that staff and visitors are educated about the energy system 
upon their arrival. 
We recommend the Centre updates their station tour with accurate information, while 
including tips to help its visitors limit their energy consumption.  The recommended changes to 
the station tour are included in Appendix K.  We also recommend that every long-term and 
short-term guest be given this tour for free, so as to not discourage anyone’s participation. 
In addition to the tour, we recommend that all new visitors to the Centre watch a short 
orientation video upon their arrival. The script for this video can be found in Appendix L.  The 
80 | P a g e  
 
video includes information about the energy and water systems at the GRTC, with tips on how to 
conserve both of these resources.  The video also includes information on the research and 
training offered at the Centre and the recreational activities one can participate in during their 
visit.  Showing this video to all newcomers will increase awareness on the importance of 
conservation at the GRTC. 
Recommendation 3: Provide feedback to the residents on their own energy consumption to 
increase awareness. 
We recommend that the GRTC provides each resident with a weekly energy reading from 
his/her place of residence.  Included in this should be a comparison of this value to the average 
of all of the different users at the Centre, ensuring that the residents know how their energy 
consumption compares to their peers.  Our proposed method will also keep the people associated 
with each reading anonymous. Providing this feedback will increase the awareness to conserve 
energy at the Centre and work towards decreasing overall consumption. 
5.4 Summary 
Through our assessment of the energy demand management at the Gobabeb Research and 
Training Centre, our team was able to identify several improvements to be made.  The above 
recommendations will help to improve the energy system’s technical operation and capacity and 
establish cost recovery and energy education plans for the Centre.  The implementation of these 
plans will assist the GRTC in becoming a more sustainable and financially stable research center, 
allowing the GRTC to serve as a role model for solar-diesel hybrid energy systems throughout 
Namibia. 
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Masters, G. (2004). Renewable and Efficient Electric Power Systems. Hoboken, New  
Jersey: Wiley - IEEE Press. 
 
This title includes a small amount information about combustion gas turbines, which may 
be applicable to the diesel generator onsite at Gobabeb. This source goes into much more 
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detail about energy economics, electric utility rate structures, energy conservation, and 
integrated resource management/demand-side management. This will be a great resource 
when determining tariff structure and education plans. Lastly, and most importantly, the 
book provides several chapters about solar panels. This includes solar maps and tables, 
solar calculations, explanations about how they work, different technologies and set ups, 
and even about energy storage in typical batteries. This book will be helpful on many of 
our topics. This will give the group insight into how solar panels work, and some ideas 
for how to structure our education and economics at Gobabeb. 
Mollenhauer, K.,, & Tschoke, H. (2010). Handbook of Diesel Engines. New York: Springer  
Berlin Heidelberg. 
 
This source will give us information about how diesel generators function. It is important 
to know the limitations of a diesel engine and how they will limit energy availability in 
Gobabeb. The text goes into the different fuels used and perhaps we could offer an 
alternative if deemed necessary.  A very important aspect of this text is that it also 
includes information about diesel engine exhaust emissions and noise emissions. This 
means we will be able to provide the necessary information in our environmental 
education plan and really show people why it is important to be more efficient with their 
energy usage. This text will provide technical information and hard numbers that we will 
need to use in our education plan, as well as a basic background of Gobabeb’s diesel 
generator. 
 
Namibia Nature Foundation. (2013). Home. 
 Retrieved from http://www.nnf.org.na/NNF_pages/index.php 
 
This website gives details to the research and projects that NNF participates in. Also this 
web page describes the relationship between NNF and DRFN. 
 
Ontario Power Generation. (2010). How It Works Electricity Generation. Retrieved from  
http://www.opg.com/education/kits/grade9student.pdf 
 
This website gives details about how power is generated. 
 
Prior, B. (2010). Desertec Update: Coordinating 40 Countries, 200Km of Undersea Cables and 
€400B in Funding. Greentech Solar. Retrieved January 16, 2013, from 
http://www.greentechmedia.com/articles/read/desertec-update-funding 
 
This article provided information regarding solar panel usage in Northern Africa and how 
Europe is using the abundance of renewable energy that African deserts have to offer. 
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The project described in this article is similar to ours and so is the surrounding 
environment and culture. This article shows that solar panel usage is popular in African 
nations and will give us insight on solar power management. 
 
Rehman, S., & Al-Hadhrami, L. M. (2010). Study of a solar PV-diesel-battery hybrid  
power system for a remotely located population near Rafha, Saudi Arabia. ENERGY, 
35(12), 4986-4995.  
This article gives insight into yet another solar-diesel hybrid system, this time in Saudi 
Arabia. This article is different than the example in Oman, and gives a more detailed look 
into the economics of these types of systems. Also, there are sample calculations with 
calculating greenhouse gas emissions. These two things would be extremely helpful in 
our environmental education plan. This article provides us with background information 
similar to the system in the GRTC, and valuable education material. 
 
Republic of South Africa, Department of Energy. (2013). Renewable Energy. Retrieved  
January 28, 2013, from http://www.energy.gov.za/files/esources/renewables/r_solar.html 
 
This website gives statistics on solar radiation available in South Africa, as well as 
average number of sunny days. 
 
Schulze, B. R. (1969). The climate of Gobabeb. Scientific Papers of the Namib Desert Research 
Station, 38, 5-12. 
 
This paper gave detailed information on the climate of the Namib Desert, specifically 
surrounding the GRTC. This helped significantly with the background information. 
Seely, M. (2011). Gobabeb times. Walvis Bay, Namibia: Gobabeb Research and Training  
Centre. Retrieved from http://www.silc.com.au/wp-content/uploads/2011/09/Gbb-Times-
August-2011.pdf  
 
This is the monthly newsletter that the GRTC releases, and is written by mostly Mary 
Seely. It gives information about what projects the GRTC is doing recently, in addition to 
updating about the energy situation. It is relevant to our research because it will make us 
more aware of the work researchers at the Centre are doing, in addition to giving us 
information about their energy systems. The newsletter also included how many visitors 
they have had in the past year, which will be helpful to know how many people they are 
providing electricity for.  
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Strbac, G. (2008). Demand side management: Benefits and challenges. Energy Policy, 36(12), 
4419-4426. 
 
Provided definition for demand-side management and stated the key ways in which 
energy should be managed. This article will help us in our background research on 
energy management. It gave a few techniques that might prove to be helpful once we 
analyze the current situation at the Centre. 
 
Tuinenburg, O., & von Oertzen  D. (2007). A primer on hybrid electricity systems for  
managers: The Gobabeb Case. Swakopmund, Namibia: VO Consulting. Retrieved from 
http://www.voconsulting.net/pdf/energy/Hybrid electricity systems.pdf  
 
This is a research paper done by VO Consulting, which is a company focusing on energy 
management. The abstract says that it, “provides decision-makers in the Namibian 
electricity sector with a succinct overview of the GRTC hybrid electricity system, and 
describes the key managerial, financial and operational issues and requirements of this 
unique offgrid electricity supply system.” It also describes lessons learned from the 
DEGREEE program. This will be useful for our research because it will make us aware 
of the current hybrid system and the operational issues with it. The paper will also help us 
learn why the DEGREEE program did not work for them, and help us to guide them to 
finding a better solution.  
 
United Nations Education, Scientific & Cultural Organization. (2009). Electricity access  
in 2009 - Regional aggregates. Retrieved January 28, 2013, from 
http://www.unesco.org/new/fileadmin/MULTIMEDIA/HQ/SC/temp/wwap_pdf/Table_A
ccess_to_electricity.pdf 
 
This website gives detailed statistics about electrification in Namibia, and Africa. 
 
 
United States Energy Association. (2012). East African Executives Identify Strategies For 
Regional Clean Energy Development. Retrieved January 15, 2013, from 
http://www.usea.org/article/east-african-energy-executives-identify-strategies-regional-
clean-energy-development 
 
This website provided valuable insight on various energy demand projects that have been 
completed in rural Eastern Africa. This information was valuable to understand similar 
projects that have been completed in Africa. The environment and culture surrounding 
the implementation of these projects are very similar to Namibia, so we will be able to 
use this source as a comparative project. 
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von Oertzen, D. (2007). Hybrid Electricity Systems Powering Mini-grids – A South African 
Perspective. Windhoek, Namibia: DRFN. 
 
 This book provides multiple stories about hybrid electricity systems that power mini grids 
in South Africa. It contributed to the section of our background on Tsumkwe by giving 
information regarding their transition to the hybrid system. 
 
Weidlich, B. (2010). Vision 2030 – Mission Impossible?. The Namibian. Retrieved January 15, 
2013, from http://www.namibian.com.na/index.php?id=28&tx_ttnew 
s%5Btt_news%5D=64462&no_cache=1 
 
This article explained in detail the Vision 2030. Vision 2030 was mentioned several times 
on the DRFN main website. The actual details of the vision were not said on the DRFN 
website. Further information of this vision was necessary in order to understand DRFN’s 
ultimate goals. 
 
Whiting, S. (2008). Namibia: The essential guide to customs & culture. London, Great Britain:  
Kuperard. 
 
This book gives detailed statistics on the population density of Namibia. 
 
Worcester Polytechnic Institute. (2013). What is an IQP?. Retrieved from http://wp.wpi.edu/c 
apetown/homepage/student-life/new-approach-to-project-website-development/intro 
duction-what-is-a-shared-action-learning-approach-to-iqps/what-is-an-iqp/ 
 
This article provided our team with information regarding the Interactive Qualifying Project. 
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Appendices 
Appendix A: Sponsor Description – Desert Research Foundation of Namibia 
 
Our sponsor is the Desert Research Foundation of Namibia (DRFN). Their vision is “A 
Namibia in which people manage the environment for sustainable livelihoods” and their core 
purpose is “Enhancing decision making for sustainable development” (DRFN, 2013a, para. 1). 
DRFN focuses their projects in the management of natural resources with sectors in water, land 
and energy management. Research and education are two main areas of concentration for DRFN. 
Their purpose is to raise awareness of the environment and develop the knowledge of fellow 
Namibians in order to contribute to the development of an environmentally knowledgeable 
Namibia. All of the projects in which DRFN is involved have an element of training and creation 
of awareness. DRFN is a non-governmental organization that is donor funded, meaning it is 
continuously involved in various projects, all of which contribute to their mission. The 
organization relies on study and research grants and specific project funding to support its 
activities.  
The Desert Research Foundation of Namibia has a variety of resources. They have a 
public library that has resources on sustainable development, appropriate and renewable energy, 
and socio-economic studies (DRFN, 2013a). An online data base called DLIB can also be 
accessed through a simple registration process. It contains over 4,000 documents from research 
done at both DRFN and the Gobabeb Research and Training Centre Databases such as 
Enviroteach are also available, a site which strives to teach environmental issues to students in 
the universities (DRFN, 2013b). DRFN’s main website provides annual reports from the last ten 
years in addition to Renewable Energy and Energy Efficiency Capacity Building Projects 
(REEECAP) on sites such as the GRTC. 
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As a part of their energy sector, the DRFN oversees the operation of the Gobabeb 
Research and Training Centre. The Centre’s vision states that it, “is a catalyst for gathering, 
disseminating and implementing understanding of arid environments” (GRTC, 2013a).  There 
are twenty-three staff members working in the areas of administration and management, 
research, training, and service (GRTC, 2013c).  The Centre is headed by Executive Director, 
Gillian Maggs-Kölling, appointed to the position in January 2013.  Still involved in the Centre as 
an associate and board member is Mary K. Seely, the Director of the Centre from 1970 to 1988.  
The Centre also operates under a Board of Trustees, consisting of eight members, including 
Mary Seely and the Board Chair,Simeon Negumbo. The organizational structure of the Centre is 
found in the figure below.   
 
 
 
 
The two areas of focus of the Centre are research and training. Research completed at the 
Centre is centrally focused on the climate, ecology, biology, geology, and geomorphology of the 
desert landscape.  In addition to research, Gobabeb offers training in the form of internships and 
Director 
Research 
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Librarian 
Technicians 
IT Support 
Training 
Coordinator 
Community 
Rep. 
Finances Maintenance 
Manager 
General 
Workers 
Head 
Housekeeper 
Housekeepers 
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courses.  At the GRTC, training courses are offered in the areas of arid ecology, desertification, 
climate, sustainable living, scientific inquiry, and geology.  
The Ministry of Environment and Tourism also works collaboratively with the DRFN 
and Gobabeb Research and Training Centre in order to achieve similar goals and objectives 
(Gobabeb Research and Training Centre [GRTC], 2013b). Scientists and researchers visit the 
Centre to work on many different areas of study to help solve many complex problems related to 
climate change, conservation, sustainable development and biodiversity (GRTC, 2013c, para. 2). 
Without these contributions, the GRTC would not produce the scientific advances for which they 
are known in natural resource management, desertification prevention techniques, appropriate 
land-use and socio-economic studies (GRTC, 2013d) The DRFN, Ministry of Environment and 
Tourism, and researchers make the Gobabeb Research and Training Centre what it is today.  
Another organization, the Namibia Nature Foundation (NNF) works on extremely similar 
research. Like the DRFN and Gobabeb Research and Training Centre, the NNF is a non-
governmental organization that focuses on environmental planning, biodiversity, sustainable 
development and regional and international environmental issues (Namibia Nature Foundation 
[NNF], 2013). More specifically, the NNF works on community-based natural resource 
management, combating desertification, and pollution and waste management. The Ministry of 
Environment and Tourism is one of NNF’s main partners, and NNF more recently has begun 
work with the DRFN. Some projects are done collaboratively, while others are done individually 
by each organization. These organizations are working towards a more sustainable and 
environmentally friendly Namibia. 
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Appendix B: Direct Observation Guidelines 
B.1 Direct Observation of the Gobabeb Research and Training Centre 
Name of Observer(s):  
 
Date/Time:  
 
 
 
Building Name: 
(mark location on map) 
 
Number given to building: 
(arbitrary number for easier analysis) 
 
 
 
Description of building usage: 
(circle) 
Work 
Recreation 
Living Quarters 
 
 
 
Types of Residents: 
(circle) 
 
 
Long-term: Researcher, Staff, Tourist, Student, 
Other _____________________ 
 
Short-term: Researcher, Staff, Tourist, Student, 
Other______________________ 
 
 
 
Description of residents: 
(jobs performed, behaviors, needs) 
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Note locations on map: 
 
Solar Panels 
 
 
Number of panels: 
Panel voltage: 
Panel capacity: 
Panel peak: 
Panel average during sunlight: 
Any damages or problems: 
 
 
Batteries 
 
 
Number of batteries: 
Battery voltage 
Battery capacity: 
Any visible damages or problems: 
 
 
Different Subsystems 
(description of what subsystem covers) 
 
 
 
Meters on building 
(description of what meters meter) 
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Appliances & Energy Awareness (take note of lighting, refrigerators, stoves, large 
appliances, dishwashers): 
(example) 
Building Name: Old House Purpose: Staff Housing 
Electrical Meter: DB-10 Type of Occupant: Long Term, Interns 
Supplied From: Kiosk A Resident Capacity: 
15 using, 3 living (1 
per room) 
# of rooms 3 People per room 1 
Accomodations:       
Type of Appliance 
Number of 
Appliances Watts Total Energy Usage 
Chest Freezer 1   0 
Stand up Freezer 1   0 
Refrigerator 4   0 
Long Lights 8 58 464 
Gas Stoves 3 0 0 
DVD/VHS 1   0 
Energy Awareness:       
Type of Media Location Notes:   
Top Ten Tips Fridge     
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B.2 Direct Observation of Residents 
Direct Observation 
Name:   Date: 
Building:     
  
  
Time 1:  Time 3: 
 
  
  
  
  
  
  
  
  
  
  
  
 
Time 2:   Time 4: 
  
  
  
  
  
  
  
Things to look for: 
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 Lights      
 Plugged in Appliances     
 Power strips on   
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Appendix C: Interview Protocol 
 
 
 
 
 
 
General 
1. Where is your home located? 
a. Do you have access to electricity at your home? 
i. How often? 
ii. Do you pay for your electricity at home? 
1. How much do you pay per kWh?  
2. Per month? 
b. What appliances do you use in your home? 
2. How long have you been at Gobabeb? 
a. Which building do you live in? 
b. How long will you stay at Gobabeb? 
c. What is your average length of stay if you have already visited? 
3. What is your purpose for being at Gobabeb? 
4. What activities do you do on a daily basis? 
a. What does your average work day consist of? 
Date: Time: 
Interviewee name: 
Type of interviewee: 
Highest level of education obtained: 
Profession: 
Age of interviewee: Location: 
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i. Do you use any research equipment/electrical equipment for your job? 
b. What do you do for leisure after work? 
i. Do you usually watch TV, surf the web, or use electronics? If so which 
and for how long? 
c. How often do you use electric kitchen appliances to prepare food? 
i. What do you use and for how long? 
5. Do you have roommates? 
a. If yes, how many? 
6. How do you feel about energy conservation? 
Not Important 
Somewhat Important 
Neutral 
Quite Important  
Very Important 
a. Do you have the same feelings about energy conservation as your roommate? If 
not, does this create conflict? 
--------------------------------------------------------------------------------------------------------------------- 
Energy Usage 
1. Do you use the heat at night at Gobabeb? 
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a. To what temperature do you set your heat? 
b. Do you turn it down or off in the morning? 
2. What appliances do you have access to at Gobabeb? 
a. When using these appliances, do you leave it plugged in once done? 
3. What percentage of your energy usage do you think you use for work; for personal uses? 
4. What time do you wake up in the morning? 
a. What do you do before work in the mornings that requires electricity? 
5. What time do you usually go to bed at night? 
a. What activities do you do at night that require electricity? 
--------------------------------------------------------------------------------------------------------------------- 
Energy Awareness 
1. Are you aware about the importance of using less energy and/or benefits of doing so at 
Gobabeb? 
a. What are some benefits that you know of? 
2. Are you apt to leave the lights on when leaving a room? 
3. Has the Centre made you aware of how to be energy efficient? How? 
a. Do you feel these methods are effective? If not, what would be more effective? 
4. Do you actively try to conserve electricity? If yes, how so? 
5. What benefits would using less energy bring to the Centre? 
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--------------------------------------------------------------------------------------------------------------------- 
Tariff 
1. How do you feel about paying a fee based on your electricity usage? 
a. Is it fair / unfair? 
2. How do you feel about different tariffs based on your country of origin? 
a. What other methods would seem reasonable? 
Block Tariff, Price Biasing, Fixed Rate 
3. Would paying directly for electricity make you think more about your individual energy 
usage? 
4. Do you have any problems with the current state of electricity at Gobabeb? 
a. Are there any changes you would like to see made? (or suggestions) 
--------------------------------------------------------------------------------------------------------------------- 
INSERT ADDITIONAL INTERVIEWEE SPECIFIC QUESTIONS (see sections below) 
--------------------------------------------------------------------------------------------------------------------- 
Other 
1. Do you have any additional relevant information that I did not ask? 
2. Do you have any questions for us? 
--------------------------------------------------------------------------------------------------------------------- 
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ADDITIONAL INTERVIEWEE SPECIFIC QUESTIONS: 
Research 
1. What work or research do you do here at Gobabeb? 
a. What electrical equipment is required to carry out this work? 
b. What electrical equipment do you use regularly? 
2. How would you feel about paying extra for electricity used for experiments? 
--------------------------------------------------------------------------------------------------------------------- 
Staff 
1. How long have you been working at Gobabeb for? 
a. Were you present during the transition from diesel to the hybrid system? 
i. What differences have you seen in the Centre since then? 
ii. Are people using energy more efficiently? 
2. Is there a housekeeping group at Gobabeb? 
a. If so, do they regularly turn off lights or turn down heat? 
3. What do you feel Gobabeb has done to raise awareness of using energy efficiently? Has it 
been effective? 
4. Are you aware of the energy data collection system currently in use at Gobabeb? 
a. If so, is the data collection and analysis system easy to use?  
i. Why or why not? 
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Appendix D: Interview Transcript with Dr. Mary Seely 
 
Skype Interview – January 31, 2013 8:00 am 
Kelly: One of the first questions we have for you is about the DEGREEE program. We were 
wondering what was still in effect? Because the pamphlet that you sent us kind of looked like 
there was some type of tariff system set up and we were wondering if that was still in effect. 
Mary: Sorry I didn’t understand the one word – some sort of something system? 
Kelly: The tariff system was set up 
Mary: That was set up, but nobody knows where it is and to the best of my knowledge it was 
never used and we are trying now to try and find it in the archives.  
Kelly: Okay that’s what we were wondering. Do you know after the lightning struck are the 
meters still working well on the buildings to collect the energy usage data? 
Mary: To the best of my knowledge yes they were still working 
Kelly: Okay, do you know what else specifically was damaged by the lightning? Is there 
anything else we should know of? 
Mary: The converter was damaged and it’s only the last month that this was finally fixed, 
meanwhile we are going to change it entirely in April as you have gotten the idea because 
everything is in one converter so when the lightning hit it the whole thing was gone, and know 
we are trying to modularlize it into, I believe it’s 12 modules therefore if one goes the rest will 
still be functioning. Then at the same time when that happened because there had been no tariff 
set up and there was no program for replacing the batteries the first half of 2011 the batteries 
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were falling apart too, so we had to do a major revision and try to replace the batteries and get a 
new converter we have gotten the new backup generator so all those things have happened since 
the beginning of March 2011.  
Chris: I was wondering if you could go into a little more detail about the upgrades that are going 
to take place in April. 
Mary: Okay well I can assure you that Walter Holch is much better than I am on this, but we 
have to do is order new batteries so we had all knew battery banks installed, we had to upgrade 
what is called the inverter converter different people call it different things I’m not sure what is 
right and we added some additional panels. But the trouble with this is that by the time we were 
done with all of this, we were still back at the same energy production as we were previously 
with the smaller number of panels so things weren’t terribly good that’s why in September when 
we met the German donors, we asked them if they would help us to upgrade the system and 
that’s what they agreed to do in December. In December just before our month long holiday, the 
new batteries were ordered and the battery room was extended for accommodation for this and it 
is expected that in April, this will happen.  
Chris: Is the battery capacity the same as what it used to be or did you increase it at all? 
Mary: No we increased it, and I am not going to pull out of my head the amount. 
Chris: And you had mentioned someone who could tell us the details about all of that who was 
that again? 
Mary: That’s Walter Holch, that’s one of three people who have been on all of these emails. 
Walter is the technical expert. 
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Chris: We were also wondering about the data collection system at Gobabeb being used 
currently we were wondering what types of data you measure exactly? 
Mary: Again I can only tell you we have hard copy. Our one technical guy goes around and 
records from all of the systems where there is metering going on and that’s all that’s happening 
right now. There was a prior to the DEGREEE program there was this computer system and we 
are now getting all of that out of loose data we can send them to you if that would be useful. 
Brianna: Yes, that would be great. 
Chris: We were also hoping to get a feel for the energy usage. Is the problem that people are 
using too much energy or that they aren’t using it efficiently? What is the problem exactly? 
Mary: Well I think that it’s not efficiently. Most of the energy is used domestically. We have a 
number of different accommodation units; the offices, we are running twenty computers all day 
every day, there’s the triple filter pumps which require electricity, and the pumps from the septic 
tank to the triple filter there’s the water pump for taking water from the river to the water tower. 
So there’s a number of these different things. We also used to use several drying ovens, which 
are apparently now pulling too much. We want to do more in the workshop and that makes it 
very difficult we summed up several times brought in second generator to use welder and things 
like that.  
Kelly: We noticed you have gas for your stoves and we were wondering if you were hoping to 
charge for gas as well or if that’s just a separate thing and you only wanted to have a tariff for 
energy? 
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Mary: Well it could be for gas as well, because right now our visitors come and stay in a 
bungalow or whatever they stay in and we just charge them a flat rate. We don’t charge them 
anything for electricity, gas or water, and we think from experience and elsewhere in southern 
Africa if they were made more aware of the charges for these different things they would be 
much more efficient in their usage.  
Kelly: We also had a question on the education plan you were hoping for us to develop. We 
were wondering if you wanted us to have – we know you want it broken down for different types 
of visitors but do you want training plan or little flyers or reminders hung up in different places 
to help influence the energy efficiency?  
Mary: Well what I would say that I would like you to come here and see what is going on and 
give us an idea. We do have little notices in every accommodation unit. They are a little out of 
date because they were put up with the DEGREEE program I am not sure that they do much 
good. But we also have young school children coming from the nearest town 110 km away it 
would be nice to have something for them too. We do solar cooking with them but they probably 
not aware of other uses of solar that they should be careful with. So if more getting together 
some sort of module for the children coming in and certainly awareness for people on the station 
which would be more effective than notices on the wall that everyone doesn’t read.  
Brianna: We saw on the map that you sent that there are wind turbines. How do you use them? 
Are they hooked up to your system? 
Mary: To the best of my knowledge it couldn’t be modulated or moderated or whatever you do. 
There was one accommodation that has four bedrooms that had their own solar panels, they were 
not a part of the main system, and that’s where the wind energy went. But they couldn’t regulate 
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it so that why it was producing too much energy and it was about to blow up the control system 
so they stopped using it. 
Brianna: We were just wondering how the energy consumption gets paid for when there are no 
visitors staying there? 
Mary: It just comes out of the running expenses of the station but we do have a lot of staff 
members and we are very concerned that their awareness also gets raised. One thing I am going 
to send you is an attempt we had to get them to record their own energy usage and they found it 
absolutely impossible to be able to do so we need to do something they themselves can figure out 
what they are doing and what they are using.  
Kelly: How often are there not any guests that are there? 
Mary: Well we always have about fifteen to twenty people here, that’s the ongoing staff, and 
then guests come and go all the time. So there can be two peaks when there are no outside guests 
but there will still be 20 people using the energy.  
Kelly: So would the tariff system that you want us to develop would you want us to incorporate 
that the visitors would subsidize the running costs of the Centre? 
Mary: We haven’t even thought that far but we would like to see the people who are living here 
also paying something into it or being aware of something so that they will be much more aware 
of what they are doing. 
Kelly: With the energy usage data, are you familiar with who the highest consumer is? Do 
foreigners use more energy that natives would? 
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Mary: Not necessarily; our big energy users are things like the trickle filter, the water pump and 
that sort of thing. For the demand, we haven’t noticed that international users use more; in fact 
sometimes they are more aware than the locals. 
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Appendix E: Focus Group Protocol 
 
Introduction 
 
 Restate goals and objectives of project 
 Goal of focus group: to get feedback on different options and which they would think 
would be the most beneficial and reasonable for the Centre 
 Presenting options for energy usage feedback, education plans and cost recovery systems 
Energy Usage Feedback 
Each option will be described to the focus group, and we will be brainstorming the pros 
and cons of each.  
 
Option 1: Every week, each resident will be presented with their energy consumption. 
They will see this amount compared to an average of all of the other resident’s energy 
consumption. With this information, they will be able to see how above or below average 
their energy consumption is compared to the other residents at the Centre. 
 
Option 2: Every week, each resident will be presented with their energy consumption. 
They will see this amount compared to all of the other resident’s energy consumption. 
Names will remain anonymous. 
 
Option 3: Every week, each resident will be presented with their energy consumption. 
They will see this amount compared to all of the other resident’s energy consumption. 
Names will not remain anonymous. 
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Energy Awareness Education 
Each option will be described to the focus group, and we will be brainstorming the pros 
and cons of each.  
 
Option 1: When a guest arrives, they will be given a tour of the entire Centre. The tour 
will include information on the energy system and give tips on how to conserve.  
 
Option 2: When a guest arrives, they will be shown a short video. It will educate the 
guest on the energy system and give tips on how to conserve.  
 
Energy Awareness Month Competition: for one month, energy readings will be done on a 
weekly basis. At the weekly staff meeting, the rankings on who is conserving the most 
energy will be announced. At the end of the month, the resident with the lowest energy 
consumption will win a prize.  
Potential Prizes: 
Free energy for that month, free groceries for that month 
 
Poster Samples 
o Lights 
o Computer Monitors 
o Refrigerator 
o General Energy Conservation 
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Cost Recovery System 
Each option will be described to the focus group, and we will be brainstorming the pros and cons 
of each.  
Long Term (administrative staff, interns, visitors for over 1 month) 
Option 1: Each resident will be given a baseline amount of energy to use per day based 
on their residential building. Once they exceed that amount, they will be charged per 
kilowatt.  
 
Option 2: Each resident will be given a baseline amount of energy to use per day based 
on their residential building. Once they exceed that amount, they will be charged a set 
penalty fee. 
 
Short Term (tourists, visitors less than 1 month) 
 
Option 1: Each visitor will have a flat rate added to their rent to cover a baseline amount 
of energy based on their residential building, if they do not exceed that amount of energy, 
they will be reimbursed that amount. 
 
Option 2: Each visitor will have a flat rate added to their rent to cover average energy 
usage based on their residential building. 
Option 3: Each visitor will pay based on their consumption at set rate per kilowatt-hour 
of energy use. 
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Option 4: Each visitor will be given a baseline amount of energy to use per day based on 
their residential building. If their total energy usage exceeds the total amount of energy 
allocated, they will be charged based on their excess usage. 
C) They will be charged a rate per kilowatt-hour of excess energy use 
D) They will be charged through a block tariff for excess energy use. 
 
Conclusion 
 Ask if there are any questions  
 Things anyone would like to add 
 Thank them for their time 
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Appendix F: Cost Recovery Calculation 
 
         
122 kWh/day 
854.3 
kWh/week 
from 
2009-
2012         
from energy data since 
2009               
    walter stefan 
assumpt
ions research 
2010 energy 
report   
                
PV generation             
kW 
Solar 
Resource           
46 4.5 207 kWh/day 75555 kWh Per year  
Fixed O&M   $0.20 per kWh       
Labour   $0.05 per kWh         
Variable O&M   $0.00 per kWh 
 
      
PV depreciation 
(replacement)   $1.07 per kWh         
Battery depreciation 
(replacement)   $1.07 per kWh         
Costs/kWh for PV 
generation   $2.40 per kWh         
Annual PV generation 
cost   $180,968           
                
                
Generator generation   10.06 kWh/day 3671.9 kWh Per year   
Generator O&M   $0.55 per kWh      
Labour   $0.05 per kWh        
Generator Fuel   $10.63 per kWh        
Generator depreciation   $7.72 per kWh         
Costs/kWh for diesel 
generation   $18.95 per kWh         
Annual diesel 
generation cost   $69,573           
                
S/Total   $250,542           
ISP Margin 10.0% $25,054   
$2,087.8
5 
(per 
month)     
Efficiency program 
(CFL bulbs etc.) 1.0% $2,505.42           
PV & battery addition 2.5% $6,263.56           
Insurance (against theft 
and lightning) 1.0% $2,505.42           
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TOTAL   $286,870           
kWh/year   79,227 Includes 15% reserve margin      
         
Generation average 
costs  $/kWh $3.62       
         
OTHER COSTS         
         
Total kWh/year  79,227       
$/kWh to generate  3.62       
         
 
Annual 
total cost     $/kWh       
Power converter and 
other depreciation $43,668 0.05       
         
Other costs (N$kWh)  $0.05       
         
TOTAL COSTS         
         
Total average cost 
(N$/kWh)  $3.67       
Total costs N$/year  $290,566       
 
This excel sheet was provided to us by Mary Seely and has been updated based on the color code 
as we received information from various sources. Based on our research we found that the Centre 
should save about N$290,000 a year for the eventual replacement of the electrical infrastructure. 
The breakdown of cost per each electrical component is shown below. The cost per year is 
calculated based on the lifespan of each component as well as the most recent cost of each 
component on record for the Centre. 
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Battery costs:    
  Replacement costs $810,456.11 
  Life span 10 
  Annual replace costs $81,045.61 
  Annual kWh 
                                                          
75,555  
  N$/kWh $1.07 
      
      
Genset costs   
  2x50kVA Replacement costs $424,987.10 
  Life span 15 
  Annual replace costs $28,332.47 
  Annual kWh 3671 
  N$/kWh $7.72 
  
        
Fuel costs: From EMCON revised design document 
  kWh per annumn from gensets 
                                                      
3,671.90  
  Litres of diesel per annum 
                                                    
5,200.000  
  Price of diesel in Gobabeb N$/liter 11.31 
  litres/kWh 0.94 
  N$/kWh $10.63 
 
In order to determine the amount of revenue needed by the Centre to establish an Energy 
Sustainability Fund we looked at all of the costs associated with the maintenance and 
replacement of the system as well as the cost of the gas.  
From this, we subtracted the amount of money that the Centre should be receiving as 
income from MPI based on their contract stating a payment of $6.50 per kilowatt-hour. Through 
our 24-hour energy recording we found that MPI uses about 2.4 kilowatts constantly.  
       
   
     
 
        
      
 
     
    
                           
We then were able to find the amount of resulting money that needed to be raised by the 
Centre through other means. This will primarily be collected through a tariff system, but could 
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be collected from other research facilities on site. This value was found to be N$ 193,417 per 
year.  
Determining the Gas Fee 
The gas tariff was determined by adding up all of the gas consumption for the year of 2012. 
Since we only had one year of data, we assumed that about each year the gas bottle must be 
replaced in each accommodation. From the total gas cost, we found the gas fee for each 
accommodation by keeping the ratio between the accommodation prices the same. 
Determining the Tariff Structure 
Long-Term Residents 
In order to determine the baseline for the bungalows, villas and Tsabibis, we used the Figure 9 
below. 
 
  
0
5
10
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kW
h
 
Date by Week 
Bungalow Baseline  
Bungalow 1
Bungalow 3
Bungalow 4
Baseline
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Short-Term Guests 
Phase One: Flat Rate Tariff  
First the amount of times each facility was used during a year was analyzed to ensure the 
cost would be recovered based on the number of visitors, as seen in the table below. 
Unfortunately, there was not sufficient data to analyze two full years of guests. For this reason, 
only 2011 was used to estimate the expected bed nights, but the half year data collected from 
2012 was used to ensure that the number of visitors did not decrease. We found that the half-year 
data typically shows more people visiting the Centre than the full year data, which is important 
for the cost recovery system. We then rounded the number of visitors from 2011. These values 
are shown in the table below. 
Bed Night Villa Bungalow Clay House OTR Kuiseb Camp 
Bed nights '11 522 144 469 121 1499 
Bed Nights '12 (1/2 year) 495 8 599 153 1071 
Bed Night estimation 500 150 450 120 1500 
 
Next, we analyzed the current costs of each accommodation compared to each other. 
From these values we found what percentage each accommodation cost respective to the 
others. Using that percentage value, we increased the prices proportionally, keeping the 
percentage difference between each accommodation the same, while also ensuring the necessary 
revenue was made based on the bed nights each accommodation received.  The total revenue per 
year for each accommodation was found by multiplying the additional cost by the number of 
estimated bed nights found in the table above. The cost breakdown of each accommodation with 
its respective percentage and revenue per year is shown below in the table. 
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Accommodation 
Original 
Cost 
Percentage of 
Accommodation 
Pricing 
Additional 
Cost 
New Cost 
Bed 
Nights 
per 
Year 
Revenue For 
Energy 
System per 
Year 
Villa  N$ 2,400  64%  N$ 250 N$ 2,650 500  N$ 135,000  
Bungalow  N$ 400  11% N$ 50 N$ 450 150  N$ 8,100  
Clay House  N$ 320  8% N$ 30 N$ 350 450  N$ 14,850  
OTR  N$ 400  11% N$ 50 N$ 450 120  N$ 6,480  
Kuiseb  N$ 230  6% N$ 20 N$ 250 1500  N$ 33,000  
      Total Cost Recovered   N$ 197,430  
 
The total cost recovered from this tariff is about N$ 4,000 more than necessary to allow for some 
fluctuation.  
 
Phase Two: Baseline Block Tariff 
In order to determine the baseline for each accommodation the figures below we used. 
 
0
5
10
15
20
25
30
6-Jul-09 22-Jan-1010-Aug-1026-Feb-1114-Sep-111-Apr-12 18-Oct-126-May-13
kW
h
 
Date by Week 
Bungalow Baseline Short-Term  
Bungalow 1
Bungalow 3
Bungalow 4
Baseline
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Number of 
Points B1 B3 B4 Total Percentage 
Over 9.8 kWh 43 49 4 96 49% 
Under 9.8 kWh 25 45 29 99 51% 
 
From this, we determined the baseline to be 9.8 per week, meaning 1.4 per day. This 
value was used for the clay Houses and On the Rocks since the data for those two 
accommodations was not substantial and the buildings have similar appliances. 
Number of 
Points V3 V2 Total Percentage 
Over 15 kWh 55 49 104 52% 
Under 15 kWh 41 55 96 48% 
From this the baseline was 15 per week, meaning 2.1 per day 
In order to determine the cost associated with each block of energy use, we counted the points, 
which fell into the range of the block tariff for two bungalows. 
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Low Block 
Point per 
Day (kWh) 
High Block 
Point per 
Day (kWh) 
Low 
per 
Week 
(kWh) 
High per 
Week 
(kWh) 
Bungalow 
1 Points 
Bungalow 
3 Points 
Total 
Points Percentage 
0.1 0.4 11.2 13.3 10 11 21 39% 
0.5 0.8 14 16.1 3 7 10 19% 
0.9 1.2 16.8 18.9 7 3 10 19% 
1.3 1.6 19.6 21.7 2 5 7 13% 
1.7 2 22.4 24.5 1 1 2 4% 
2.1 -  25.2  - 2 2 4 7% 
  
The “Low Block Point per Day” is the lower end of each block tariff range and the “High 
Block Point per Day” is the higher number in the range. Since the meter readings are done 
weekly, we converted the lower range block tariff by multiplying the baseline by seven days, 
then adding the respective block to each end of the range. The “Bungalow 1 Points” is the 
number of points that fall into the range just described in Bungalow 1. The “Bungalow 3 Points” 
are just the same but relate to Bungalow 3. Both of these values added together give us the 
“Total Points” and from there a percentage of each point was found respective to the rest. This 
percentage was used to calculate the amount the Centre would recover from the tariff system. 
Below is the table used to generate the cost of the blocks. The numbers beneath each 
accommodation correspond to the amount of people that went over the tariff based on the 
percentages found from the bungalows. We created the baseline such that 50% of the data points 
were above this value and expect a small change in energy consumption behavior due to the 
financial incentive of the tariff. Therefore, we estimated that 40% of people who visit the Centre 
will go over the allotted amount. Of this 40%, we determined the percentage of people from the 
Bungalows who fell into each respective block. As you can see in the table, of those 40%, 39% 
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went over by 0.1-0.4 kWh, which meant that 78 people in the villas went over, 18 in the 
bungalows and so on. The revenue from this system was then calculated by multiplying the 
amount of people that went over each block by the cost of each block. This block tariff is 
expected to recover 7% of the necessary income from the short-term guests, while the flat rate 
added to the accommodation price will recover the remaining 93%. 
Block Percentages Villa Bungalow 
Clay 
House 
OTR 
Cost of 
Block  
Revenue 
Over by .1-.4 39% 78 18 53 14 N$ 20 N$ 2,955 
Over by .5-.8 19% 37 8 25 7 N$ 30 N$ 2,111 
Over by .9-1.2 19% 37 8 25 7 N$ 40 N$ 2,815 
Over by 1.3-1.6 13% 26 6 18 5 N$ 50 N$ 2463 
Over by 1.7-2.0 4% 7 2 5 1 N$ 60 N$ 844 
Over by 2.1+ 7% 15 3 10 3 N$ 70 N$ 1970 
    
Total Expected Revenue 
Total Revenue Needed 
N$ 13,159 
    
N$ 11,187 
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Appendix G: Direct Observation Summary Notes 
 Action Occurrences 
Total Possible 
Occurrences 
% 
Computer on - not in use 38 79 48.10% 
Lights left on 11 126 8.73% 
Printer on - not in use 16 16 100.00% 
Laundry machine on - not in use 5 8 62.50% 
 
These observations were taken over the course of two workdays, March 20, 2013 and 
March 25, 2013. Every two hours, we observed each room in the main building. The four 
observations in the table were the most occurring and concerning to our team. We were not able 
to get into each room every time due to locked doors. 
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Appendix H: Electrical Drawings of the GRTC 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Legend for Electrical Drawing 
Symbol Represents: 
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Green 10 x 4 
 
Dotted black: Unknown line specifications 
 
Purple: 10 x 2 line 
 
Thick Black: 50 x 4 line 
 
Orange: 6 x 2 line 
 
Blue: Generation Line 
 
Red: 25 x 4 line 
 
Yellow: 16 x 4 line 
 
 
                                    
 
 
                                     
 
                                    
 
                              
 
 
Distribution Box (DB) – Electrical Meter 
 
 
 
Sub-Distribution Box (SDB) – Electrical Meter 
 
 
 
Electrical Kiosk Connection Point (Specified with Numbers in Circle) 
 
 
Separate Solar Panels with tracking, supplying Clayhouse 9-12 
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Solar Array A – Carport 
 
 
Main Solar Arrays (B,C,D) 
 
 
Diesel Generator 
 
 
Main Distribution Board in Energy Centre 
 
**Refer to Appendix M: Meter functionality for more information about the specific meters 
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Type of Appliance 
Number of 
Appliances Watts 
Lights Circular  4  14 
Lamp 1 60 
CLAYHOUSE 5-8  
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Type of Appliance 
Number of 
Appliances Watts 
Lights Circular 4 14 
Lamp 1 60 
CLAYHOUSE 9-12   
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Porch
Gas 
S
S
Meter SDB 29.2
Supply from DB-29
Refrigerator/Freezer Combo
Refrigerator/Freezer Combo
U
p
To DB-29
 
  
Type of 
Appliance 
Number of 
Appliances Watts 
Lights Long 1 58 
Refrigerator 1 700 
Stove/Oven 1 0 
CLAYHOUSE KITCHEN (5-8) 
132 | P a g e  
 
Porch
Gas 
S
S
Meter SDB 31.1
Supply from DB-31
Refrigerator/
Freezer Combo
Refrigerator/
Freezer Combo
U
p
To DB-31
 
 
  
Type of Appliance 
Number of 
Appliances Watts 
Lights Long 1 58 
Refrigerator 1 700 
Fridge/Freezer 1 700 
Stove/Oven 1 0 
CLAYHOUSE KITCHEN (9-12) 
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Meter not 
numbered
Meter not 
numbered
16
Up
13
14
Canopy Canopy
Porch
Porch Porch
15
Gas 
Gas 
S
Up
Gas 
SS
S
S
S
U
p
Up
Up
Mini 
Fridge
 
 
 
 
  
Type of 
Appliance 
Number of 
Appliances Watts 
Lights Circular 2 14 
Diamond Light 1 14 
Lamps 1 13 
Mini Fridge 1 90 
Gas Stove Top 1 0 
Long Light 2 35 
ON THE ROCKS 
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S
Chair 
Storage
S
S
Storage
S
S
S
Open 
Pathway to 
Amabilis 
Hall
Meter SDB 20.3
Supply from DB-20
25 x 4
Amabilis 
Hall
 
 
 
 
  
 
  
Type of Appliance 
Number of 
Appliances Watts 
Diamond Light 8 14 
Long Light 22 35 
RESOURCE CENTRE 
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Open 
Pathway to 
Resource 
Centre
Resource 
Centre
Fans
TV/
Internet 
Box
S
Storage
Meter DB – 28/G
Supply from DB-20
16 x 4
Meter DB-20
Supply from
MDB 50 x 4
W
M
S S
Porch/Patio
Wired 
Telephone
AC 
Control
Meter 20.1
Supply from DB-20 
25 x 4AC 
AC 
S
S
S
S
S S S S
1 Plug + 1 
EU Plug
1 Plug + 1 
EU Plug
1 Plug + 1 
EU Plug
1 Plug + 1 
EU Plug
1 Plug + 1 
EU Plug 1 Plug + 1 
EU Plug
1 Plug + 1 
EU Plug
1 Plug + 1 
EU Plug
Closets
DVD/VCR32 Inch 
TV
Internet Box
S S
D
F
D
F
D
F
D
F
D
F
D
F
D
F
D
F
 
 
 
 
 
  
Type of 
Appliance 
Number of 
Appliances Watts 
Overhead Fans 8 75 
Diamond Lights 16 14 
Circular Lights 8 14 
Long Lights 15 35 
TV 1 180 
VHS/Radio 
Player 1 11 
Water Cooler 1 600 
DVD/CD player 1 14 
Air Conditioner 2 2900 
AMABILIS HALL 
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Storage
W
M
Locked
Gas 
Storage
29
Food 
Storage
Storage
Meter SDB 20.2
Supply from DB-20
10 x 4
S
S S
S
S
S
S
S
S
35 W Bulbs
35 W Bulbs
35 W Bulbs
Wall fans
Refrigerator/Freezer 
Combo (x3)
S
S
S
18 W
35 W 10 Burners
18
'-0
"
18
'-0
"
16'-0"
16
'-7
 1
1/
16
"
 
  
Type of Appliance 
Number of 
Appliances Watts 
Type of 
Appliance 
Number of 
Appliances Watts 
Diamond Lights 5 14 Chest Freezer 2 140 
Long Lights 15 35 Refrigerator 3 700 
Long Lights 12 18 Fans 2 100 
Oven 2 0 Food Processor 1 600 
Grill Top 2 0 Beaters 1 250 
Burners 16 0    
AMABILIS BATHROOM AND KITCHEN 
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S
S
S
Gas 
Meter DB-6          
Supply from Kiosk C 
10 x 2
Patio
42.0 in. x
42.0 in.
42.0 in. x
42.0 in.
42.0 in. x
42.0 in.
42.0 in. x
42.0 in.
Braii
Kiosk D
Dry Toilets
Water Pump for Trickle Filter 
Not Metered
M
W
 
 
  
Type of 
Appliance 
Number of 
Appliances Watts 
Oven 1 0 
Lamp Post 1 14 
Long Lights 8 58 
Refrigerators 3 700 
Diamond lights 8 14 
KUISEB CAMP 
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Patio
42.0 in. x
42.0 in.
3
2 1
Open 
Garden
Meter DB-9
(no readings)
To Kiosk B
1
 
 
  
Type of 
Appliance 
Number of 
Appliances Watts 
Circular Lights 12 14 
Gas Stove 1 0 
Long Lights 2 58 
Refrigerators 1 700 
Lamp 1 14 
Lamp 2 60 
VILLA 1 
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Patio
42.0 in. x
42.0 in.
3
2 1
Open 
Garden
Meter DB-8               
(no readings)
To Kiosk B
2
  
Type of 
Appliance 
Number of 
Appliances Watts 
Circular Lights 12 14 
Gas Stove 1 0 
Long Lights 2 58 
Refrigerators 1 700 
Lamp 1 14 
Lamp 2 60 
VILLA 2 
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Patio
42.0 in. x
42.0 in.
3
2 1
Open 
Garden
Meter DB-7               
(no readings)
Kiosk B
To Villa 1 & 2
3
  
Type of 
Appliance 
Number of 
Appliances Watts 
Circular Lights 12 14 
Gas Stove 1 0 
Long Lights 2 58 
Refrigerators 1 700 
Lamp 1 14 
Lamp 2 60 
VILLA 3 
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S
66.0 in. x 63.0 in.
Garden
S
Meter DB-11
1
S
S
To Kiosk A 
 
 
  
Type of 
Appliance 
Number of 
Appliances Watts 
Circular Lights 5 14 
Long Lights 2 58 
Gas Handi 
Cooker 1 0 
Refrigerator 1 700 
BUNGALOW 1 
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S
66.0 in. x 63.0 in.
Garden
S
Meter DB-12
2
S
S
To Kiosk A 
To Bungalow 1 
  
Type of 
Appliance 
Number of 
Appliances Watts 
Circular Lights 5 14 
Long Lights 2 58 
Gas Handi 
Cooker 1 0 
Refrigerator 1 700 
BUNGALOW 2 
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S
66.0 in. x 63.0 in.
Garden
S
Meter DB-13
Kiosk A
To 
Bungalow 4
To 
Bungalows 
1 & 2 
3
S S
 
  
Type of 
Appliance 
Number of 
Appliances Watts 
Circular Lights 5 14 
Long Lights 2 58 
Gas Handi 
Cooker 1 0 
Refrigerator 1 700 
BUNGALOW 3 
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S
66.0 in. x 63.0 in.
Garden
S
Meter DB-14
4
S
S
To Kiosk A 
 
  
Type of 
Appliance 
Number of 
Appliances Watts 
Circular Lights 5 14 
Long Lights 2 58 
Gas Handi 
Cooker 1 0 
Refrigerator 1 700 
BUNGALOW 4 
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Porch
Freezer
72.0 in. x 
36.0 in.
108.0 in. x 54.0 
in.
DVD/
VCR
2
All bedrooms 
identical
186.0 in. x 54.0 in.
Meter DB-10
Supply from 
MDB
10x4
 
  
Type of Appliance 
Number of 
Appliances Watts 
Type of 
Appliance 
Number of 
Appliances Watts 
Chest Freezer 1 600 DVD/VHS 1 14 
Stand up Freezer 1 800 Toaster 1 1100 
Refrigerator 4 700 
Sandwich 
Maker 1 800 
Long Lights 8 58 
Satellite 
TV Box 1 30 
Gas Stoves 3 0 TV 1 180 
Circular Lights 32 14    
OLD HOUSE 
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Porch
23
F
Meter DB-2
Porch
Porch
All rooms 
identical
4
Canopy Canopy
Porch
1
 
 
 
 
 
 
 
 
  
 
  
Type of 
Appliance 
Number of 
Appliances Watts 
Circular Lights 3 14 
Ceiling Fan 1 75 
Long Lights 1 58 
LUXURY HILL 
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S Closet
Meter DB-20 
Supply from DB-
10 10x2
2'-6"
To SDB-22.1, 
22.2, 22.3
1
 
  
Type of 
Appliance 
Number of 
Appliances Watts 
Long Lights 4 35 
CARAVAN 1 
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S
Closet
Meter SDB 22.3
To DB-22
2
 
  
Type of 
Appliance 
Number of 
Appliances Watts 
Long Lights 4 35 
CARAVAN 2 
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S
Closet
Meter SDB 22.2
To DB-22
3
 
  
Type of 
Appliance 
Number of 
Appliances Watts 
Long Lights 4 35 
CARAVAN 3 
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S
Clo
se
t
Meter SDB 22.1
To Caravans 
5 & 6
To DB-22
4
 
  
Type of 
Appliance 
Number of 
Appliances Watts 
Long Lights 4 35 
CARAVAN 4 
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S Closet
To SDB 22.1
5
 
  
Type of 
Appliance 
Number of 
Appliances Watts 
Long Lights 4 35 
CARAVAN 5 
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36'-7 3/8"
14
'-
9 
7/
8"
S Closet
21
'-7
/1
6"
40'-2 3/4"
To SDB 22.1
62'-6"
 
  
Type of 
Appliance 
Number of 
Appliances Watts 
Long Lights 4 35 
CARAVAN 6 
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Gazebo 
(Storage)
Housekeeping 
Storage
38
34
M
Old Office – Storage 
for Computers
108.0 in. x 31.1 
in.
Meter DB-3
Supply from
MDB 50 x 4
Storage
Garage 
Doors
37 36 36
Meter DB-25/G
Meter DB-18
Supply from
MDB 10 x 4
33
32
 
 
 
 
 
 
 
  
  
Type of 
Appliance 
Number of 
Appliances Watts 
Computer 20 500 
Monitor 19 200 
Circular Lights 5 14 
Long Lights 62 58 
Personal Fan 4 180 
Mini Fridge 1 90 
Fax Machine 1 17 
Printer / Copier 5 426 
AC 1 1200 
Refrigerator 1 700 
Washing Machine 1 2100 
MAIN BUILDING - GARAGE 
154 | P a g e  
 
M
Floor 1
S
S
A.C.
A.C.
Dell Poweredge
High Power Ethernet Converter
Meter DB-19
Power supply box
Solar Panel Control Box
Router Box
U
p
U
p
Communications 
Tower Cabinet
42.0 in. x
42.0 in.
Up
Up
89.4 in. x 30.0 in.
2
1
Garden
3
4
42.0 in. x
42.0 in.
60.0 in. x 30.0 in. 60.0 in. x 30.0 in.
S
S
S
5
6
7
Gift 
Shop
Garden
Garden
Meter DB-26/G
Supply from
MDB 10 x 4
Meter DB-2
Supply from
MDB 50 x 4
Meter SDB-2.1
Supply from DB-2
8 9 10 11
12A
12/13
56.0 in. x 21.0 in.
82.0 in. x 21.0 in.
14
15
S
Tea Room
Poster 
Displays
Up
Patio
76.0 in. x 28.5 in.
18
19 Archive - 
Locked
Books
Books
Books
Library
23
22
Balance 
Room
Main Board & 
Meter DB-1
2nd Story 
Gazebo
24
26
Locked - 
Office Two
Locked - Post 
Graduate Lab
25
Locked - 
Chemical 
Storeroom
Locked - 
Shed
28
27
Locked - 
Lab
Locked - 
Lab
Locked – 
Storage room
Poster 
Displays
W
20A
Lizard Lab
 
  
Type of 
Appliance 
Number of 
Appliances Watts 
Computer 20 500 
Monitor 19 200 
Circular Lights 5 14 
Long Lights 62 58 
Personal Fan 4 180 
Mini Fridge 1 90 
Fax Machine 1 17 
Printer / Copier 5 426 
AC 1 1200 
Refrigerator 1 700 
Washing Machine 1 2100 
MAIN BUILDING - OFFICES 
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Type of 
Appliance 
Number of 
Appliances Watts 
Computer 20 500 
Monitor 19 200 
Circular Lights 5 14 
Long Lights 62 58 
Personal Fan 4 180 
Mini Fridge 1 90 
Fax Machine 1 17 
Printer / Copier 5 426 
AC 1 1200 
Refrigerator 1 700 
Washing Machine 1 2100 
MAIN BUILDING - STORAGE 
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Legend 
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Appendix I: Detailed visitor data spreadsheet 
 
The following table shows the necessary information for the Centre to collect in order to keep accurate track of their guests’ stay and energy 
consumption.  The example shown can be used to teach the appropriate staff what information they need to collect. 
 
  
Guest 
# 
People
Nights 
Stayed
Total Bed 
Nights
Accommodation 
Type
Accommodation
Number
Arrival Departure
Meter 
Connection
Energy 
Reading at 
Arrival (kWh)
Energy Reading 
at Departure 
(kWh)
Total 
Consumption 
(kWh)
Allotted Energy 
Consumption 
(kWh)
Difference 
(kWh)
Payment 
Due
Example 1 12 N$3012 Clay House 2/5/2013 5/5/2013 DB - 29 4.2 0.69 520 524.8 4.8
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Appendix J: Education Material 
Posters 
Computer related posters 
 
Size: fit to size of monitor frame 
Frequency: one in the corner of each computer monitor 
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Size: 22cm X 22cm 
Frequency: One per room that contains computers 
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Size: Regular printer paper size 
Frequency: One per room that contains computers 
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Refrigerator posters 
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Size: Regular printer paper size 
Frequency: One of the two options per refrigerator 
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Laundry posters 
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Size:Regular printer paper size 
Frequency: One of each in the laundry room  
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Light posters 
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Size: Same size as light switch 
Frequency: Above each light switch. Alternate colors. 
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Size: Regular printer paper size  
Frequency: On wall near light switch or window in all rooms. 
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General Posters
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Size: 22 xm X 22 cm 
Frequency: Post in common areas of the Centre’s main building and in accommodations 
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Unplug appliances posters
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Size: Half of a regular printer paper 
Frequency: One of these options above each outlet 
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Flyers 
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These flyers should be handed out upon a guest’s arrival, or put in their rooms to read at their 
convenience. 
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Appendix K: Gobabeb Research and Training Centre Station Tour Updates 
 
Gobabeb Station Tour -- January 2012 (Energy portion) 
 
 
Building Materials (source:Bright Sanzila and Mary) 
========================================== 
-Gobabeb has successfully used alternative building materials in construction of some of our 
buildings. The training Centre buildings are all made using alternative technologies. Some 
accommodation is also. 
 -walls at the resource Centre have been made with rammed earth; 
 -some accommodations are made from clay with a minimum of concrete.  
 
Power (stop at solar panels and then at the inverter) (source:presentation by Bright) 
============================================== 
1. We have demonstrated how to reduce dependence on fossil fuels by using a hybrid solar-
plus-diesel power system that provides consistent stable energy.  This system relies 
primarily on a solar panel system to generate electricity, but has a diesel generator 
providing backup for the system. The energy is stored in batteries to utilize the solar 
panel electricity at night. 
 
2. We used to burn up to 2100 litres of diesel per month to have power 16 hours per day. 
We now have 24-hour power. Most of the electricity comes from solar, about 95%, but 
we use diesel when demands are high or the sky is cloudy. Diesel use is now estimated to 
be 400 litres per month (i.e. 20% of previous use) (to be confirmed after collecting 
statistics for a few more months after change of batteries and inverter problems in 2011).  
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The generator automatically turns on when battery charge gets too low. It is important to 
only use solar energy at the Centre (being efficient with our energy usage) to remain 
sustainable because diesel fuel consumption releases harmful emissions to the 
environment. 
 
Engage: Show a one-litre sized bottle. "Imagine this contains a litre of diesel. We used to 
burn 2100 of these each month. Does anyone know how much carbon dioxide is 
produced by burning just one litre of diesel? It's about 1480 litres of CO2 at this altitude! 
(source: see footnote) This is the same amount of CO2 that would normally be in 37 400 
litres of our atmosphere. So we reduce our greenhouse gas output enormously.  
 
3. We are able to manage power with our system. Metres record the energy usage for 
different buildings and our part time energy manager records the readings on a weekly 
basis.   Because there is a metre on each building, we can charge individual users, and 
learn where electricity is being used inefficiently. Our fees collected for energy usage 
goes into the continued operation and maintenance of our solar-diesel hybrid system. 
Eventually, we will need to replace these electrical components, and your contributions 
help keep the Centre sustainable and prepared for the future. Without the proper funding 
for the electrical system, the Centre would not be able to produce the world renowned 
scientific research that it does. 
 
4. Every effort is made to eliminate unnecessary electricity use: The Centre uses energy 
efficient technologies such as fluorescent light bulbs and natural gas stoves. Each 
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building has a solar water heater so that electricity is not wasted by heating the water.  
The Centre also promotes energy efficient behavior for all of its visitors and staff. We 
recommend that devices and lights are switched off when not in used, and that are not 
permitted such as toasters, sandwich makers and hair dryers. We also have solar cookers 
in the front of the main building that can be used to prepare meals in an energy efficient 
way.  The Gobabeb Research and Training Centre is known for sustainability and the 
usage of appropriate technology, please help to do your part. 
 
 
Insertion: Hybrid Energy Summary by Bright Sanzila Jan 2012----------------------------------- 
 
 
Appropriate technology at Gobabeb 
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1) Hybrid Energy mini-grid system 
 Hybrid mini-grid energy supply system provides consistent, stable and quality 
energy and effectively optimizes electricity access for remote unelectrified settlements. It offers 
a mixed energy supply choice, thus minimising dependence and cost of fossil fuel resources such 
as diesel.  
 In the past Gobabeb obtained energy from two 50Kva diesel generators, 
consuming up to 2100 litres of diesel per month providing 16hours of electricity per day. 
Through the support of the Danish Development Agency DANIDA, the diesel-only system was 
up-graded to a hybrid system with powerful solar energy component and battery storage. Since 
September 2004 the station has been using the Hybrid energy system. 
 
 
Components of a Hybrid mini-grid 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Need to update graphic stating that 95% comes from solar and 5% from diesel 
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1.1) Solar Energy 
 
 Solar energy is harnessed through the use of different photo-voltaic (PV) panels 
distributed at various locations at Gobabeb. 
  A solar photovoltaic cell is a device that converts photons (light) into electrical energy 
 Solar energy can charge the batteries from about 9:00 to 17:00 
o It is important to carefully use energy outside of these times to not discharge the 
batteries too much 
 The total installed solar energy capacity is 26kW peak generated from three different PV 
technologies namely: 
                                                              -Mono-crystalline (8.5kWp)  
                                                              -Copper Indium Disellenide (7kWp)  
                                                              -Polycrystalline (10.5kWp) 
The Centre has three different solar panel technologies so that the efficiency and lifespan of each 
can be compared. Mono-crystalline panels have performed more efficiently compared to 
polycrystalline ones but they are more expensive as well. 
1.2) Diesel Generator 
 There are two 3 phase 50 kVA diesel generators that provide back-up electricity during 
prolonged overcast periods or when they are occasionally high electricity demands. It is 
important for the Centre to conserve energy throughout the day to avoid the use of the 
diesel generators. Once the battery charge drops below 60%, the diesel generator 
automatically comes on. The batteries are usually fully charged by mid-afternoon, so at 
that point it is essential that we are efficient with our energy usage. Here at the Centre we 
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do not like to use the diesel generator because it has negative environmental effects 
(including releasing harmful emissions and being nonrenewable) and costing the Centre 
large amounts of money on fuel costs. 
1.4) The Inverter 
The electricity generated by the solar panels as well as the energy produced by the diesel 
generators go to the inverter. The inverter stores the excess direct current (DC) in the batteries 
and converts needed power into alternated current (AC). Currently the system relies on (and is 
limited by) an older 30 kW converter, however with new upgrades it will be increased to 50 kW. 
 
1.5) Batteries 
 
 
 
 Batteries store the electrical energy from both the PV panels and the diesel generator. 
  Gobabeb uses 60 tubular, 2 volt batteries that stores 200 420 kWh of electricity.  
 On 11 November 2011 60 new batteries were installed (They are expected to last for 8-10 
years under proper care)  
 In May 2013, 12 new batteries will be installed increasing the capacity to over 500 kWh. 
 The daily battery charge (SOC) is 25%  without the generator 
 
N.B We try to prevent the battery charge (SOC) from falling below 60% because recharging 
takes long. (Keeping them above 60% also prolongs the life span of the batteries). 
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2) Monitoring power use 
Another aspect of energy efficiency is how to use it. GEEMP (Gobabeb Energy Efficiency 
Monitoring Project) funded by DANIDA is creating a monitoring structure 
 Each building is being monitored for use  
 The readings for each building are recorded on a weekly basis 
 This is important for obtaining the baseline knowledge of energy use at Gobabeb 
 Money generated from electricity fees goes towards operation and maintenance of the 
electrical system 
 A sustainability fund has been created to specifically set aside money collected from 
these fees to eventually replace the solar panels, batteries, and diesel generators after their 
respective lifetimes. 
3) Solar cooking  
A solar cooker has to face the sun to be efficient and black pots should be used to increase the 
heat and shorten the cooking time. Solar cooking is environmental friendly, cost efficient and 
time saving. 
 
 
 
3.1) Solar box cooker 
 A solar box cooker traps heat from the sun inside a glass covered box 
 The box cookers bottom and sides are well insulated to prevent heat from escaping  
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 A lid made of two layers of glass spaced about 5cm from each other allow heat to enter, 
but prevents it from escaping since the air between the glass acts as insulation  
 The inner lining of the box cooker is painted matt black, which absorbs heat more 
efficiently and minimizes reflection 
 3.2) Solar Parabolic cooker 
 The parabolic cooker focuses solar heat onto a small area where the cooking equipment 
is placed. This type of cooker is the best one to boil water. 
4) Solar Water Heaters 
 Solar water heaters absorb the suns electromagnetic radiation in the form of heat  
 The system consists of a black metal sheet for optimal absorption  
 A glass cover, for trapping heat and copper water pipes for transferring heat 
5) Alternative building material 
 Building Technologies and Materials are also being tested at Gobabeb 
 New construction is involving more appropriate materials 
 Experimental walls at the Resource Centre were made with rammed earth construction 
methods 
 The new accommodation (clayhouses) was made using a hydraulic brick-making 
machine that applies 4.5 kPa and uses clay and a minimum of cement 
 Over 1000 bricks can be made each day using this machine 
 
End of Insertion: Hybrid Energy Summary by Bright Sanzila Jan 2012-------------------------- 
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Appendix L: Orientation Video Script 
 
This movie script was created in collaboration with the DRFN – Water Desk team 
(Marissa Goerke, Brendan Henrich, Natalie McMillan,  and Kelsey Wall) also working with the 
GRTC.  
**Our team focused directly on the energy system and energy conservation portions of this 
orientation** 
Located in the middle of the driest area in sub Saharan Africa, The Gobabeb Research 
and Training Centre receives an average of only 28 millimeters of rain each year. Despite these 
harsh conditions, Gobabeb has plenty to offer!  
Gobabeb lies between three starkly different ecosystems: the Namib Desert’s dune sea, 
the gravel plains, and the Kuiseb River bed. These environments are what make Gobabeb so 
unique and we strive to minimize our negative effects on these surrounding ecosystems in 
everything we do. So do please remember to stay on the marked trails while exploring the 
Centre, and pay attention to this video for important sustainability information. 
Gobabeb is known for its sustainability and has adapted to its environment by gathering 
energy from the strong desert sun. The first solar diesel hybrid system in Namibia is used to 
power everything at the Centre. During the day, the solar panels absorb sunlight to generate 
electricity. This energy is then stored in batteries, which are charged during the day to provide 
electricity at night. When people at the Centre use too much energy, the nonrenewable diesel 
generator must turn on, which releases harmful byproducts into the environment: so it is 
important to conserve energy during your stay! 
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There are many ways in which you can conserve energy at the Centre. Here are some of 
the main conservation practices we hope you will follow while at Gobabeb:  
• Turn off all indoor and outdoor lighting when not in use;  
• Unplug all unused appliances or turn off the outlet switches;  
• Turn off your monitor when you are away from your computer; and  
• Make sure your refrigerator and freezer are shut tightly.  
In addition, please do not use toasters, hair driers or any other high voltage appliances. 
A large amount of solar power is used to pump the Centre’s water supply into Gobabeb’s 
iconic water tower, so water conservation is essential. Gobabeb conserves water through low 
flow showerheads and toilets. We encourage you to help us conserve water by being conscious 
of your water use- but remember to stay hydrated! For long-term visitors, there is a laundry 
machine available.  
All wastewater at the Centre passes through a trickle filter, and when everyone uses 
biodegradable shampoos, soaps and detergents, the recycled wastewater will be clean enough to 
be reused in the garden. Besides harmful detergents, fats and oils also have a negative effect on 
the trickle filter and the surrounding environment, so please dispose of them separately, not 
down the drain.  
At Gobabeb, we separate our recyclables into glass, plastic, paper, and metal, which are 
brought to Swakopmund to be recycled. All biodegradable waste is either used in the compost 
for the garden or is fed to the Topnaar’s goats. If you are interested in learning more about the 
Topnaar, you can take a guided cultural walk to the nearby Village. 
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Gobabeb’s primary focus is research and training, and is home to students and researchers alike, 
along with many long-term climate monitoring systems and labs that can be seen on our station 
tour. 
After your day in the sun, you can relax by the Gobabeb pool, which is covered when not 
in use to combat the high evaporation rates of the Namib Desert. In the late afternoon, the dunes 
are cool enough to walk on providing a spectacular place to watch the sunset and see the stars. 
Once the sun is gone, the fun isn’t over yet- you may choose to go on a scorpion walk! 
Now that you’ve had your fill of the desert creatures and sun, it’s time for rest. There are 
many different accommodations available at Gobabeb: we have villas, clay houses, bungalows, 
caravans, and camping sites available.  
The Gobabeb Research and Training Centre welcomes you to our oasis of learning! We 
hope you enjoy your stay!  
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Appendix M: Meter functionality 
 
Meter # Connected 
to 
Supplied 
from 
Measures Sub-meters attached Broken? 
DB-1 Main 
Station: 
MDB 
MDB Entire Center   
DB-2** Main 
Station: 
North 
Offices 
 
Lux Hill 
MDB Offices in 
Main Centre 
 
Luxury Hill 
1-4 
SDB 2.1 – Ground 
Cooling  
Luxury 
Hill 
meters 
Broken 
DB-3 Main 
Station: 
Laundry 
MDB 10 x 
4 
Laundry 
Room 
  
DB-4 Swimming 
Pool 
Kiosk C 
10 x 2 
Swimming 
Pool and 
Tennis 
Courts 
 Yes 
DB-5 Trickle 
Filter 
Kiosk C 
10 x 4 
Trickle Filter   
DB-6 Kuiseb 
Camp Site 
Kiosk C  
10 x 2 
Kuiseb  
Camp Site 
  
DB-7 Villa 3  (no 
readings) 
Kiosk B n/a   
DB-8 Villa 2 ( no 
readings) 
Kiosk B n/a   
DB-9 Villa 1 (no 
readings) 
Kiosk B n/a  Yes 
DB-10 Old House MDB 10 x 
4 
Old House   
DB-11** Bungalow 1 Kiosk A Bungalow 1   
DB-12 Bungalow 2 Kiosk A Bungalow 2  Yes 
DB-13 Bungalow 3 Kiosk A Bungalow 3   
DB-14 Bungalow 4 Kiosk A Bungalow 4   
DB-15      
DB-16** Tsabibis – 
Staff 
Quarters 
MDB  
50 x 4 
Tsabibis 1-6 SDB 16.7 – Abulution 
Block (not used) (6 x 2) 
Yes  
DB-17      
DB-18 Garage/Wor
kshop 
MDB 10 x 
4 
Garage/Work
shop 
  
188 | P a g e  
 
DB-19 Internet 
Room 
MDB 10 x 
4 
Internet 
Room 
  
DB-20 Amabilis 
Hall 
MDB  
50 x 4 
Amabilis 
Hall 
20.1 – Inside Amabilis 
Hall ( 25 x 4) 
 
20.2 – Amabilis Kitchen 
(10 x 4) 
 
20.3 – Resource Centre 
(25 x 4) 
28/G – Amabilis Hall 
outside (16 x 4) 
 
DB-21      
DB-22 Caravan 6 DB-10  10 
x 2 
Caravans 
(Rocky 
Crest) 
SDB 22.1 – Caravan 
4,5,6  
 
SDB 22.2 – Caravan 3 
 
Caravan 22.3 – Caravan 
2 
SDB 22.3 
Broken 
DB-23      
DB-24      
DB-
25/G** 
Garage/ 
Workshop  
 Garage/Work
shop 
  
DB-26/G Computer 
lab: 
generator 
only 
 Computer 
Lab 
 Yes (all  
3 phases) 
DB-27/G Trickle 
Filter 
Kiosk C/G 
10 x 4 
Trickle Filter   
DB-28/G Amabilis 
Hall 
DB-20 
16 x 4 
Amabilis 
Hall 
  
DB-29 Clayhouse 
5-8 (only 
fuses) 
 Clayhouse  
 5 – 8 
structure 
SDB 29.1 – Clayhouse 5-
8 
 
SDB 29.2 – Clayhouse 
Kitchen 
 
DB-30      
DB-31 Clay Houses 
9-12 
Separate 
solar 
panels 
Clay house 
 9 – 12  
  
DB-32 Water 
Tower 
(fuses) 
 n/a   
DB-33 Water 
Tower 
 Water Pumps   
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** Note: All missing information was unable to be found, should be updated as soon as 
information is available.  
DB-2: Energy Recording Sheet states that Main Station: North Offices are DB-2 but the physical 
meter at Luxury Hill is labeled DB-2 
DB-11: On the Energy Usage recording chart, both Old House and Bungalow 1 are labeled as 
DB-11, however, we believe that this is a typo and only Bungalow 1 is DB-11 
DB-16: We have received conflicting reports about which meters on this DB-16 are broken. 
Some reports state that all six meters are broken, while others say only one meter is broken 
DB-25/G: This meter measures exactly the same energy usage as DB-18, so this meter will be 
removed in the near future. 
 
